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CHANGES IN THE LOCATION OF U.S. 
MANUFACTURING SINCE 1929. 


Victor R. Fuchs* 


During the past year I have been investigating changes in the location of 
manufacturing in the United States. The work has not yet been completed and 
this is, therefore, an interim report. In this paper I will describe my approach to 
the subject, discuss some of the conceptual and practical problems which have 
been encountered, and indicate a few preliminary results. 


1. STUDY, OUTLINE AND SELECTION OF UNITS. 


When one speaks of changes in location some will visualize a movement from 
the central city to the suburbs, or from large cities to small towns. Others will 
think of changes from one part of the country to another, i.e. areal shifts. This 
study is concerned with location only in the latter sense. The questions of subur- 
banization and related subjects are interesting and important, but are not con- 
sidered here. 


The emphasis is on areal differentials in rates of growth or relative changes 
in location. Areas that grow at a faster rate than the entire country are said to 
have ‘‘gained’’, while areas that do not grow as fast as the U.S. are said to have 
experienced a “‘loss.’’ 


We examine areal changes during two overlapping time periods. Major 
interest centers on the twenty-five-year span 1929-1954; the second study covers 





*The author is Assistant Professor of Economics, Columbia University 


1This work has been sponsored by the Committee on Analysis of Economic Census 
Data of the Social Science Research Council. I would also like to acknowledge the 
very great assistance of the Bureau of the Census in assembling and processing 
the data and in making many helpful suggestions. 
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1947-1954. Over the quarter-century, which includes the great depression, World 
War II, and the post-war boom, there have been very marked changes in the lo- 
cation of particular industries, as well as a significant shift in the location of 
manufacturing in general By studying changes over such a long period, the role 
of merely transient or random geographical differentials tends to be minimized, 
and the more fundamental trends which are germane to our inquiry come into 
sharper focus. The further back we push in time, however, the more troublesome 
becomes the problem of industry comparability, a discussion of which appears 
below. 


1929 was a logical choice for our initial date for many reasons. That year 
marked the endof animportant erain American economic history and the beginning 
of another. It is relevant to note that many of our most important time series, in- 
cluding the national income accounts, use 1929 as a starting point. On the prac- 
tical side, 1929 was the earliest year for which the Bureau of the Census still 
possesses detailed tabulations, including unpublished data. The most recent year 
for which complete census data were available was 1954, and thus it was an ob- 
vious choice for the terminal date. 


As a supplement to the main study, we also examine the very dynamic and 
expansive post-World War II period. Between 1947 and 1954 we have much better 
industry comparability and much greater detail than for 1929-1954. Thus, the 
supplementary study helps to illuminate the longer period. On the other hand, the 
recent trends are of great interest in their own right, and their study is made 
more fruitful because it is set against the background of long-term movements. 


Investigations that attempt to compare years atwidely different stages of the 
business cycle have an additional complication to unravel in the search for mean- 
ingful and valid generalizations about secular trends in location. Fortunately, 
1929, 1947, and 1954 were all years of close to full employment for the U.S. 
economy. Unemployment as a percent of the civilianlabor force was 3.2% in 1929, 
3.6% in 1947, and 5.0% in 1954.2 


Even a cursory glance at the data indicates that a study confined to the 20 
major industry groups would conceal significant changes in the location of certain 
industries and would be misleading with respect to others. We find a wide diver- 
sity of behavior among industries within the same major group, and therefore 
must pursue the inquiry in considerable detail. 


Unfortunately, there were two major revisions of industry classification in 
addition to dozens of minor changes between 1929 and 1954.4 In order to make 
comparisons between these two years, therefore, ithas been necessary to prepare 
a new industry classification code, hereafter referred to as VRF industries. 





2 «Old definition’’, Jan. 1958 Economic Report of the President, p. 134. 


3For example, within the clothing industry groups we find some industries that 
have tended to move to the South, others that have shifted to the states adjacent 
to New York, while still others are more heavily concentrated in New York now 
than they were 25 years ago. 


4 For example, the motion picture industry was included in manufacturing in 1929 
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Each 1929 industry and each 1954 industry has been assigned to a VRF in- 
dustry, with the exception of a few industries in 1929 and a few in 1954 which 
have been excluded from the study. Industries excluded are mainly those which 
were not covered by the census in one of the two years. The value added by manu- 
facture of the excluded industries was 4% of the total in 1929 and 4.2% in 1954.” 


There are 221 VRF industries.® For the great majority of them, compara- 
bility between 1929 and 1954 is excellent inconsiderable detail. In a few cases the 
comparability is somewhat forced (e.g. VRF ‘‘narrow fabric mills’’ excludes 
synthetics in 1929 but includes them in 1954), and in a few cases, comparability 
is achieved only at a broad level of detail (e.g. VRF ‘‘electrical machinery’’ in- 
cludes all of 1954 major group 36, and VRF ‘‘machinery and other metal products 
nec’’ includes more than twenty 1954 industries taken from major groups 33, 34, 
and 35). It is in these latter cases that the 1947-1954 comparisons, based on the 
Standard Industrial Classification, as well as the VRF classification, are particu- 
larly useful. 


The 221 industries have been given four-digit codes which can be grouped 
into 106 sub-groups at the three-digit level, and into 20 major groups at the two- 
digit level. The latter correspond roughly to the two-digit major groups of the 
Standard Industrial Classification now used by the Bureau of the Census. 


The basic areal unit of analysis is the state. This choice was dictated by the 
arrangement of the 1929 data which were available only on the state level. Even if 
the data had been available for the standard metropolitan area (SMA), however, it 
is not clear that they would have been preferable for this particular study. Many 
writers have stated, a priori, thatthe SMAis a more meaningful economic unit; on 
the other hand, a few have noted that some of the factors that influence location 
are statewide in character, e.g. taxes, labor legislation, and aids to business. | 





, 
Atoont Mout excluded in 1954. The reverse was true of fluid milk processing. In 
the chemical and electrical machinery fields, dozens of new industries have 
achieved independent recognition since 1929, while in other areas industries 
that were recognized in 1929 have since been consolidated into others, (e.g. nets 
and seines, flags and banners, horse blankets, saddles, and whips). 


“Harold Goldstein of the Bureau of the Census has been of great help in arranging 
this industry transformation table, although he is not responsible for the short- 
comings that remain. The principal obstacle to obtaining better industry com- 
parability is that we were forced to classify or reclassify entire industries. The 
Bureau is now considering a project which would reclassify and retabulate in- 
dividual establishments in certain key industries as far back as 1929. By re- 
classifying establishments in as few as a dozen 1929 industries, it would be pos- 
sible to obtain a very significant increase in comparability of data which would be 
of great value to economists working in many different fields. 


SThis may be compared with 343 industries in 1929 and 456 in 1954. For 124 of 
the 221 industries there is a straight - although not always perfect - one-for-one 
comparison. All others consist of combinations of two or more industries in 
either or both years. 
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have attempted to investigate this problem statistically, and I found that with re- 
spect to rates of growth in manufacturing, portions of the same SMA located in 
different states more closely resemble the restof their state than they do the rest 
of their SMA.’ The fact that states have definite, easily recognized and relatively 
unchanging boundaries, that they completely cover the United States, and that 
there is a great deal of other data available by state are also important argu- 
ments in favor of their use. 


Perhaps the most crucial decision of all is with respect to the variable or 
variables that will be used to measure the location of industry. It is conceivable 
that we could attempt to measure the existence of manufacturing facilities as 
expressed in terms of factory floor space or available horsepower, but almost all 
previous empirical studies have found measures of manufacturing activity to be 
more useful and we follow this tradition. Of the many variables that may be used 
as a measure of manufacturing activity, employment (either total, or of produc- 
tion workers only), cost of materials and fuel, power consumption, payrolls, value 
of shipments, value added by manufacture, etc. there is no single ‘‘correct”’ 
measure. There are advantages and disadvantages to each, but as a practical 
matter we have been forced to limit our attention to two. 


We have chosen value added by manufacture as conforming most closely to 
the common sense meaning of manufacturing activity, in that it reflects the joint 
participation of men and machines inthe transformationof matter and the creation 
of utility. In the words of the Census Bureau, “‘It is considered to be the best 
value measure available for comparing the relative economic importance of 
manufacturing among industries and geographic areas.’’9 


In addition, the entire study has also been carried out in terms of total em- 
ployment. This is desirable, firstly, to show that the choice of variable makes a 
considerable difference, and secondly, because much of the interest attached to 
location, especially on the part of government officials, labor leaders, and market 
researchers, is more closely related to the question of employment than to value 
added.10 Although most previous writers have preferrred to use wage earner 





"See Victor R. Fuchs, ‘‘States or SMA’s When Studying the Location of Manufac- 
turing?’’ The Southern Economic Journal, January, 1959. 





Sit should be noted that Alaska was not yet a state when this study was begun, and 
has not been included. 


9s. Bureau of the Census, 1954 Census of Manufactures, Vol 1, p.xxi. 





10consider, for example, a fully automatic factory utilizing atomic power and im- 
ported raw materials. Value added by manufacture may be considerable, but the 
factory’s location for some questions would be of little consequence. On the other 
hand, employment figures may also mislead. Consider an area at a low level of 
economic development, with men, women, and children all employed at factory 
jobs requiring little skill, utilizing simple machinery, and yielding little income. 
Economic development may result in the children going to school, and the women 
returning to their homes or transferring to employment in tertiary industries. 
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employment rather than total employment,!1 the growing importance of salaried 
personnel as adjuncts to the production process (e.g. engineers, planners, ex- 
pediters) suggests the desirability of the more comprehensive measure. More- 
over, if we are interested in the availability of jobs and of income, it matters 
little whether that job is at a machine, at the console of an electronic control unit, 
or at a desk. Back in 1899, approximately 92.8% of all manufacturing employees 
were wage earners, or in modern Census terminology ‘‘production workers.’’** 
By 1929, this figure had falleh to 86.6%, and by 1954 to 79.1%. There are now 
several important manufacturing industries in which salaried personnel con- 
stitute as much as one-third of total ompipyment, and it seems reasonably certain 
that this trend will continue in the future.! 


We conclude this section by taking note of one objection which is sometimes 
raised against the use of value added by manufacture data. Since it is a dollar 
measure, it is sometimes considered to be inappropriate as a measure of change 
over time because of the changing value of money. A partial solution to the 
problem is sometimes offered in the form of deflation of the dollar values with a 
price index. This objection is not applicable to our study. We are not concerned 
with absolute changes over time, but onlyinthe relative changes in one area com- 
pared with the others. Any changes in location which are expressed in dollars are 
completely in terms of ‘‘1954 dollars’’ and nodeflation is necessary. The reasons 
for this will become more apparent in the next section where we describe our 
basic statistical approach. 


2. METHOD OF ANALYSIS 


The basis of all our analysis is the comparison of actual figures for each 
state in 1954 with hypothetical figures showing what the state would have had if it 





10 Cont’d 


The decline in total employment in manufacturing should certainly not be inter- 
preted as a negative sign, although a simple inspection of the figures might suggest 
such a conclusion. 

los. Daniel Creamer, ‘‘Shifts of Manufacturing Industries’’, National Resources 
Planning Board, Industrial Location and National Resources, U.S. Government 
Printing Office, Washington, 1943, p.85, Glenn E. McLaughlin, Growth of American 
Manufacturing Areas, Pittsburgh, University of Pittsburgh Press, 1938, and 
Tracy E. Thompson, Location of Manufactures, 1899-1929, U.S. Govt. Printing 
Office, Washington, 1933. For a vote in favor of the total employment concept, see 
Frederic B. Garver, Francis M. Boddy, and Alvar J. Nixon, The Location of 
Manufactures in the United States, 1899-1929, The University of Minnesota Press, 
Minneapolis, 1933. 




















124)) percentages based on the revised figures published in the 1954 Census of 
Manufactures. 


135.6 Ewan Clague, ‘‘The Shifting Industrial and Occupational Composition of the 
Work Force During the Next Ten Years’’ in The Changing Character of American 
Industry, AFL-CIO, Washington, 1958. 











6 JOURNAL OF REGIONAL SCIENCE 





had changed at the same rate as did the nation between 1929 and 1954.14 Thus if 
the state increased faster than the U.S., we say that the state ‘‘gained’’; if the 
state did not grow as rapidly, we say it ‘‘lost’’, and a comparison of the actual 
1954 figure with the hypothetical 1954 figure shows us the magnitude of this ‘‘gain’’ 
or ‘‘loss.’’? The danger of being misunderstood on this score is so great that we 
will repeat an earlier statement. This is a study of relative change, All com- 
parisons are withthe U.S. rate of change as a base, and all discussions of ‘‘shifts’’, 
‘‘sains’’, and ‘‘losses’’, are with reference to that base. The following notation 
and definitions are employed: 

Primary Notation 








Let X oi = value in initial year (e.g. 1929) of industry i in state s 
xX, - ” vs ” si of all industries in state Ss 
X = si ng si = industry i in the U.S. 
Xx - *9 ” ” ” all industries in the U.S. 


Let Y oi’ _ me jr and Y represent the same values in the terminal year (e.g.1954) 


Secondary Notation 





ee ae H,= Zh 
. 1° “Sey F site: * re” - e 
and . x, 

ode ra i alia » Bos _7 


Definitions 


(1) i ~ H, = Relative Growth All Manufacturing, State s (gain or loss in abso- 
; lute terms) 
7. «=f 


(2) ae A = Relative Growth, All Manufacturing, State s (per cent gain or 
Y. a loss ) 
s. 1 
x |*s - Hy 
(3) g _—_! = Total Net Shift, All Manufacturing in the U.S. 


2 


~ 





14-The explanation is in terms of the 1929-1954 comparison. The 1947-1954 study 
was done in exactly the same way, merely substituting 1947 data for 1929 data. 
For earlier studies which utilized similar approaches, see Daniel Creamer, Is 
Industry Decentralizing? University of Pennsylvania Press, 1935, Ingvar Svennilson, 
Growth and Stagnation in the European Economy, Geneva, United Nations, 1954, 
and Wilbur Zelinsky, ‘‘A Method For Measuring Change In The Distribution of 
Manufacturing Activity: The United States, 1939-49’’, Economic Geography, 
April, 1958. 
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Definitions (continued) 








Siz. -# 
(4) s xt § Per Cent Total Net Shift, All Manufacturing in the U.S. 
2Y ; 
(5) Y i - h, = Relative Growth, Industry i in State s (gain or loss in absolute 
“ terms) a 
Y 7 ho 
(6) , a, * Relative Growth, Industry i in State s (per cent gain or loss) 
si 2 
x | Y 5 ~ ho| 
(7) s —| = Total Net Shift, Industry i in the U.S. 
2 
2 |* si ~ ho | 
(8) —|! = Per Cent Total Net Shift, Industry i in the U.S. 
9 
oY 
1 +. - H, Bo = Xs 
(9) — - + = Relative Growth, All Manufacturing, State s 
2;Y_ or H, By or Y Adjusted For Industrial Structure (per cent 
; as Ss gain or loss) 
1jH, - H, B, - B, 
(10) — + = Relative Industrial Structure, State s (per cent) 
2 


H, or H, B, or B, 


The measures defined above may be interpreted as follows: 


(1) This is simply the difference between the actual value in 1954 and what 
the state would have had if it had grown at the U.S. rate. For example, this figure 
for total employment in the state of Illinois is -70,051, indicating that Illinois had 
that many fewer manufacturing employees in 1954 than might have been expected 
on the basis of its employment in 1929 and the U.S. rate of change of manufac- 
turing employment between 1929 and 1954. In our terminology, we say that these 
employees were ‘“‘lost’’ by Illinois. 


(2) Because states differ greatly in absolute size, and because we wish to 
compare results using different variables, it is useful to have a measure of rela- 
tive gain or loss expressed as a percentage. There is a variety of ways to do this. 
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In this study the percentage is always calculated by using the larger of the two 
terms of the numerator as the denominator; i.e. if the numerator is positive, the 
first term is used as the denominator; if the numerator is negative, the second 
term is used. I have chosen this method because it creates a possible range of 
+ 100% to -100%, whereas other methods would give rise to percentage gains or 
losses that might be so large as to be difficult to comprehend. The resulting 
figure for the state of Illinois is -5.7%, which means that manufacturing employ- 
ment in Illinois in 1954 was 5.7% less than what it would have been if Illinois had 
grown at the same rate as the U.S. If the figure had been + 5.7% it would have 
meant that 5.7% of the actual 1954 figure represented a gain over what the state 
would have had if it had grown at the same rate as the U.S. 


(3) By adding the gains and losses of all states, without respect to sign, and 
dividing by 2, we obtain the total amount of net shifting that has taken place. This 
figure (1,254,430 employees for 1929-1954) tells us the number of employees that 
would have to be transferred across state linesin order for each state to have the 
same share of total manufacturing employment in 1954 as it had in 1929. 


(4) By dividing the previous measure by total U.S. employment in 1954 we 
express the total net shift as a percentage. This can then be compared with the 
percentage shift of other variables, or with the percentage shift of the same 
variable during other time periods. We find, for example, that the net inter-state 
shift of all manufacturing between 1929 and 1954 was 10.8% for value added and 
8.3% for total employment as compared with 12.1% and 11.4% respectively for the 
period 1904-1929. We also find that the percent shift for the 1947-54 period was 
somewhat less than for the years 1919-1927. We may conclude, therefore, that 
the inter-state differentials in rates of growth of manufacturing since 1929 are of 
an order of magnitude with which we were historically familiar. We also find that 
in every time period studied, the percentage shift of value added has been some- 
what greater than that of total employment. 


(5), (6), (7), (8). These measures are exactly like the first four described 
above, except that they refer to a particular industry rather than to all manufac- 
turing. We use them to describe the relative gains or losses of each industry in 
each state, both in absolute and percentage terms. We also use them to show the 
total amount of inter-state shifting of each industry. Measure (8) is particularly 
useful because it enables us to compare the relative mobility of different indus- 
tries. For example, between 1929 and 1954 (for value added,) Newspapers and 
periodicals, Book publishing, Jewelry, and Fur dressing and dyeing, all show 
inter-state shifts of less than 10 per cent, while Synthetic textiles, Pulp goods, 
and a few other industries experienced shifts of over 60 per cent. The average 
industry showed a shift of 27.8 per centfor value added and 25.8 per cent for total 
employment. 


Thus far our approach has beenextremely simple. Moreover, the percentage 
measures are not affected by the fact that we use 1929 as the base and make all 
our comparisons in terms of forward projections. We could have turned the entire 
calculation around, used 1954 as a base and calculated hypothetical figures for 
1929 (By and bg) to be compared with the actual figures for 1929. The results are 
identical.+? 


We now must define two terms that are somewhat more complicated. It is 
obvious that the relative growthof manufacturing ina state will depend upon (a) the 
rate at which specific industries grow in the state compared with the growth of 
these industries in the U.S., and (b) the industrial structure of the state, i.e. 
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whether the state has, on balance, industries whichon the national level are grow- 
ing faster or slower than manufacturing in general. It would be very useful to 
have a measure of the relative growth of manufacturing in each state, adjusted for 
its industrial structure, and to have a measure of the extent to which the state had 
a favorable or unfavorable structure. 





To accomplish this, we calculate a hypothetical figure for each state based 
on the U.S. rate of growth of each industry taken separately, and weighted by the 
industrial structure of the state, i.e. Hg. The difference between the actual figure 
and this hypothetical one measures relative gain or loss, adjusted for industrial 
structure, and the difference between this hypothetical and H, gives us a meas- 
ure of the industrial structure of the state. Both these measures, however, 
refer to the industrial structure in the initial year. We could turn our calcula- 
tions around and compute a hypothetical for 1929 based on the structure for 1954 
(i.e. Bg). The resuits of these alternative measures need not be the same, and 
there is no logical basis for choosing one set of weights over the other. We have, 
therefore, taken the arithmetic mean of the two as being a useful compromise. 
For the state of Illinois for 1929-54 the results are as follows: relative growth 
adjusted for industrial structure is -12.8%, and relative industrial structure is 
+ 7.5%. We find that this adjustment for relative structure yields important insight 
into the relative growth of manufacturing in various states and regions. For ex- 
ample, if we compare Pennsylvania and New Jersey on an unadjusted basis, we 
find that Pennsylvania did very poorly during 1929-54 with a loss of -18.8 per 
cent (total employment) while New Jersey had a dip of only -2.2 per cent. The 
relative growth adjusted for structure, however, shows that their experience was 
almost identical, -13.6 per cent for Pennsylvania and -13.8 per cent for New 
Jersey. Or consider North Carolina. This state shows a relative loss of -14.1 
per cent for value added on an unadjusted basis, but a gain of + 35.1 per cent on 
an adjusted basis. 


It should be emphasized that this approach is only one of many which could 
be followed and that the results obtained may differ if the measures are defined 
differently. In particular, the measures which we have termed ‘“‘relative industrial 
structure”’ and ‘‘relative growth, adjusted for industrial structure’’ are derived 
from index numbers, and as such suffer from the usual shortcomings of all index 
numbers. The answer we obtain may vary, depending upon the industry classifica- 
tion system and the weighting formula which are employed. Some writers have 











15 ¥,.7%, 3,74, = | - Hy | s | By - X.. 
I.e. = . = 
. . 
Y,, OF H, B, or X_ 3 oe Babee 
To *y ene s |¥siv be | _ s | bo - Xp 
: s : 8 
Ye °F, =, OF X,; ot 2X i 
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considered this potential variation to be of such importance as to preclude the 
usefulness of such measures a priori. !6 I do not agree. 


It is not difficult to set up a theoretical example to show how a change in 
classification or a change in weights can produce large changes in the final re- 
sults. What is more important, however, is to determine the extent to which re- 
sults in a real situation would be different if we used another industry classifica- 
tion system or a different set of weights. 


First, let-us see how our results are influenced by the choice of industry 
classification. We have compared the results obtained by our calculations for 
1947-54 based on the VRF four-digit industry classification with similar calcu- 
lations based on the SIC four-digit classification. We find that the Spearman co- 
efficient of rank correlation computed for the 48 states plus D.C. is extremely 
high. (See Table 1). These coefficients are very much higher than those obtained 
when we compare results based on value added with those based on total employ- 
ment within the same industrial classification system. (See Table 2). 


Table 1 
Spearman Coefficients of Rank Correlation between Results 
Based on VRF-four-digit and SIC-four-digit Classification 


Systems, 1947-1954 











Value Total 
Added Employment 
Relative growth, adjusted for 
Industrial structure .974 .985 
Relative Industrial structure .948 .967 














N =49 


For the 1929-54 period, we compared the results obtained on the VRF four- 
digit basis with those obtained when VRF three-digit and VRF two-digit classifica- 
tion systems are used. The correlation between four-digit and three-digit is ex- 
tremely high (see Table 3) and that between four-digit and two-digit quite high for 
relative growth adjusted and moderately high for relative industrial structure. 
Again we may use the correlation coefficients between value added and total em- 
ployment (Table 2) as a basis for comparison. We conclude that with the exception 
of the two-digit comparison of relative industrial structure, the choice of variable 





16See Robert E. Baldwin, ‘‘The Commodity Composition of Trade: Selected In- 
dustrial Countries, 1900-1954, ‘‘The Review of Economics and Statistics, Supple- 
ment, February, 1958, pp. 56-57. 
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Table 2 


Spearman Coefficients of Rank Correlation between Results 





based on Value Added and Total Employment, 1947-54 and 1929-54 




















a SS Se eee —___—__, 
VRF-4- a SIC-4- 
digit digit 
1947-54 
Relative growth, adjusted for 
Industrial structure | .904 -901 
Relative Industrial structure -830 .829 
| 
1929-54 
Relative growth, adjusted for | 
Industrial structure -915 
Relative Industrial structure .868 








N = 49 


between total employment and value added introduces a greater element of varia- 
tion than does the choice of classification system. As far as the choice between 
using a four-digit or a three-digit classification is concerned, the results are 
strikingly similar. 

We turn next to the difficult problem of weighting. As was pointed out above, 
our formula can be applied using the initial year weights or final year weights or 
some combination thereof. In Table 4 we present the coefficients of rank correla- 


tion obtained when we compare the results of using initial year weights with those 
of terminal year weights. We see that as far as the ‘‘relative growth, adjusted”’ 


Table 3 
Spearman Coefficients of Rank Correlation between Results 
based on VRF-four-digit, VRF-three-digit, and VRF-two-digit 


Industry Classification Systems, for Value Added 











Relative growth, | Relative 
adjusted for | Industrial 
Industrial | structure 
structure | 
Four digit: Three digit -992 | -983 
| Four digit: Two digit -932 -927 
Three digit: Two digit -933 .814 
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Table 4 
Spearman Coefficients of Rank Correlation between Results 


based on Initial Year and Terminal Year Weights, 1929-54 


























and 1947-54 
VRF-four-digit 

Value Total 

added employment 
1947-1954 
Relative growth, adjusted for 
Industrial structure .942 .968 
Relative Industrial structure .855 .896 
1929-1954 
Relative growth, adjusted for 
Industrial structure -966 .964 
Relative industrial structure . 706 - 752 





N = 49 


measure is concerned, the correlation is quite high and it makes little difference 
which set of weights is used. As far as ‘‘relative industrial structure”’ is con- 
cerned, the choice of weights does make a considerable difference, especially for 
the 1929-1954 study. Some states experienced very substantial changes in their 
industrial structure between these two dates. It is for this reason that we believe 
it is more appropriate and meaningful to use an average of the results obtained 
with each set of weights, rather than choosing one or the other. 


We may take note of one other conceptual problem inherent in our approach. 
We treat the changes between the initial and terminal years as representative of 
long term trends. The question arises, however, as to the extent to which our con- 
clusions may be influenced by the choice of a particular year. Do our results 
truly indicate long term trends, or do they merely reflect the special, irregular 
circumstances of a fortuitously chosen year? 


We have attemptea to gain some insight into this problem by performing 
similar calculations using data for 1953 and 1955 instead of 1954. That is, we have 
calculated the percentage gainor loss (unadjusted for industrial structure) for each 
state, 1929-53 and 1929-55, averaged these results, and then compared this with 
the 1929-54 figures. We have also done the same using 1947 as the initial date. 


The results of this procedure give substantial support to the view that we 
are dealing with true long term trends and that our conclusions are not strongly 
influenced by the choice of a particular year. When the states are ranked accord- 
ing to percentage gain or loss, the Spearman coefficient of rank correlation for 
1929-54 and the average of 1929-53 and 1929-55 is + .990 for value added and 
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+.962 for total employment.!7 As might be expected, the choice of year is some- 
what more important in the short period comparison, but even so, the coefficient 
of rank correlation between 1947-54 and the average of 1947-53 and 1947-55 is 
+ .931 for value added ana + .900 for total employment. 18 


The significance of these high correlations may be seen more clearly if we 
compare them with the correlations between the results for value added and those 
for total employment in the same year. For the 1929-54 study, the coefficient of 
rank correlation between value added and total employment for percent gain or 
loss, all manufacturing is + .801. For the 1947-54 comparison it is + .676. In other 
words, our conclusions about changes in the location of manufacturing will vary to a 
very much greater extent with the choice of variable than they will because the 
Census year happened to fall in 1954. 


3. RESULTS 


All of the measures described above have been calculated for each industry 
and for each state for the periods 1929-54 and 1947-54 and for the two variables 
of total employment and value added. In Table 5 we present the results by state 
for all manufacturing for the period 1929-54. The general direction of relative 
change in location of manufacturing can be summarized relatively easily and ac- 
curately as follows: The North-eastern states lost, the North Central region just 
held its share, and the South and the West gained. In 1954 the Northeast was short 
about ten billion dollars of value added and one million jobs, as compared with 
what it would have had if it had grown at the U.S. rate. The South and the West 
shared the gain almost exactly equally. Since the South had approximately twice 
as much manufacturing as the West in 1954 the percentage gains of the latter 
region are, of course, more impressive. Putting the figures in slightly different 
form, we may note that in 1929 the South and West together accounted for slightly 
less than one out of every four manufacturing jobs. By 1954 their share had in- 
creased to one out of every three jobs. 


The direction of change in the post-war period was substantially the same 
as for 1929-54. One noticeable difference is that the West was the major beneficiary 
of post-war gains while the gains of the South were of more modest proportions. 
Moreover, most of the Southern gains were in the western part of the region, 
especially Texas. 





li The Personian coefficients of correlation are + .991 and+ .985 respectively, and 
the standard errors of estimate are 3.7 and 3.9 per cent. 


181y interpreting the coefficients of rank correlation the following should be con- 
sidered. First, the 1953 and 1955 data based on the SIC universe adjusted to a 
VRF basis by a simple extrapolation of the 1954 ratio of VRF to SIC. Second, there 
was some rounding of data. Finally, most of the differences can be attributed to 
the fluctuations of particular industries at the national level in 1954; therefore, if 
the comparison could be made with adjustment for industrial structure, the coef- 
ficients of correlation would probably be higher than those above. 
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With respect to the influence of industrial structure, New England, with the 
exception of Connecticut, has been apparently handicapped by an unfavorable 
structure. The losses of that area, on an adjusted basis, are not nearly so great, 
and both Maine and New Hampshire (in the more recent period) actually show 
small gains. The Southeast also has had a very unfavorable structure, with the 
exception of the border states of Delaware, Maryland, and West Virginia. The 
Carolinas, in particular, show an enormous difference in relative growth between 
an adjusted and unadjusted basis. The third major area of unfavorable structure 
has been the mountain states plus Oregon and the Dakotas. The states with favor- 
able structures are few in number and are found principally on the east and west 
coasts and in the Mid-West. The state with the most favorable structure has been 
Kansas, and this accounts for a large part of the relative gains of this state. 


These measures of relative growth and relative structure are currently 
being studied with respect to state wage levels, extent of unionization, population, 
income, and other variables to test various hypotheses concerning the location of 
manufacturing. The phenomenon of the relative mobility of industries is also being 
analyzed. We are examining the percentage shift of various industries in the light 
of such other industry characteristics as concentration of ownership, horse- 
power per worker, wages/value added, and rate of growth to test various hy- 
potheses about mobility. Finally it is possible to use our data to analyze the areal 
direction of change for each industry taken separately, and to study the industrial 
pattern of gain and loss for each state and each region. The results of these analy- 
ses should be available some time in 1959. 


Table 5 


Relative Growth and Relative Growth Adjusted for Industrial Structure, 
All Manufacturing by State, 1929-1954 











Relative Growth Relative Growth Relative Growth, All 

All Manufacturing All Manufacturing Manufacturing, 
Adjusted for 

Industrial Structure 
1 2 3 +t 5 6 

VA, T.E. V.A. 7.6. V.A., T.E. 

(millions of} (hundreds of | (per cent) | (per cent) | (per cent) | (per cent) 

dollars) employees) 

Maine - 74 - 152 -11.7 “12.9 + + 6.3 +14,8 
N.H. - 127 - 339 -23.8 -30.8 - 2.4 - 5.0 
Vt. - 74 - 129 - 26.7 - 28.0 - 5.7 - 5.6 
Mass. - 1874 - 3167 - 30.6 - 32.4 ~ 26.4 - 26.2 
R.1. - 492 - 959 - 42.2 -44,2 - 26.1 - 27.4 
Conn. - 90 - 387 - 3.1 - 8.9 -14.8 - 16.0 
N.Y. ~4215 - 1814 - 23.9 - 9.0 - 24.0 - 19.0 
N.J. - 151 - 178 - 2.3 - 2.2 - 13.2 - 13.8 
Penn. - 2453 - 3204 - 20.3 -18.8 -15.3 -13.6 
Ohio - 485 - 524 - 4.6 - 4.0 -12.1 -10.5 
Ind. + 454 + 306 +10.1 + 5.4 + 73 * aa 
Illinois - 931 - 701 - 9.0 - 5.7 -13.1 - 12.8 
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Mich. 
Wis. 


Minn. 
Iowa 


N.Dak. 


S.Dak. 
Neb. 
Kan. 


Del. 


Table 5 (cont) 





Relative Growth 
All Manufacturing 


Relative Growth 
All Manufacturing 


Relative Growth, All 
Manufacturing, 
Adjusted for 
Industrial Structure 




















1 2 3 4 5 6 
V.A.- T.E. V.A. TeBe V.A. T.E. 
(millions of |(hundreds of |(per cent) |(per cent) |(per cent) |(per cent) 

dollars) | employees) 

+ 1045 + 632 +12.3 + 6.4 + 2.9 - 3.0 
- 284 - 552 - 8.4 -11.8 - 15.2 - 17.0 
+ §2 + 108 + 3.5 + 5.8 + 7.7 + §.2 
+ 63 + 221 + 5.3 + 14.2 + 1.7 + 8.0 
- 246 - 82 - 8.9 - 2.3 - 6.7 - 4.4 
- 13 - 1 - 27.9 - 2.2 +11.9 + 16.3 
~ 2 7 2 - 2.5 + 1.5 + 20.8 + 10.0 
- 60 + 34 - 14.9 + 6.7 - 2.5 + 1.5 
+ 331 + 524 + 32.2 +41.2 + 12.4 +11.0 
+ 97 - 13 + 29.1 - 3.5 +18.8 - 12.8 
+ 343 + 203 +19.1 + 8.4 + 13.2 - 6 
- 35 - 10 -19.9 - 5.4 + 5.4 - .l 
+ 300 + 499 + 18.8 + 21.4 + 34.0 + 33.7 
+ 117 - 131 + 12.0 -10.1 - 7.5 - 13.3 
- 355 + 708 - 14.1 + 17.0 + 35.1 +46.8 
+ 465 + 434 +44.9 +19.9 +61.4 +48.4 
+ 551 + 439 + 34.9 + 14.7 +49.5 + 30.7 
+ 299 + 134 + 39.3 +11.3 + 53.7 + 39.0 
+ 249 + 128 + 24.1 + 9.8 +42.1 + 24.0 
+ 511 + 462 + 31.4 +18.3 + 34.7 + 31.4 
+ 401 + 237 + 30.8 +11.0 + 39.9 + 30.6 
+ 84 + 57 +18.1 + 6.3 + 36.5 + 33.4 
* iki + 49 + 25.7 + 6.6 + 31.4 + 22.5 
+ 258 - 64 + 23.2 - 4.4 + 26.2 + 8.5 
+ 34 + 212 + 5.9 + 27.4 +14.1 + 25.4 
+1784 +1785 + 52.9 + 45.3 + 53.6 +45.4 
- 67 - 34 - 33.6 - 16.4 - 2.9 + 14.4 
+ 21 - 18 +11.9 - 7.2 + 39.1 + 23.2 
- 58 - 15 - 54.0 - 20.6 -42.7 - 8.6 
+ 28 + 66 + 6.3 +11.0 +17.2 + ii. 
+ 87 + 84 + 74.6 +61.7 + 75.5 +44,2 
+ 73 + 84 +40.8 + 34.0 +51.0 + 40.3 
+ 179 + 33 + 28.9 +11.4 +44,8 + 24.6 
+ 38 + 34 + 65.0 + 64.4 +70.8 + 70.3 
+ 178 - 69 +12.0 - 3.6 + 4.5 - 9.7 
+ 289 + 214 + 28.5 + 16.3 +43.2 + 35.3 
+3746 +4855 +46.2 +49.5 + 38.8 + 38.8 
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Table 6 





Relative Growth and Relative Growth Adjusted for Industrial Structure, 
All Manufacturing by State, 1947-54 


Maine 
N.H. 
Vt. 
Mass, 
RI. 
Conn. 
es 
N.J. 
Penn. 


Ohio 














Relative Growth Relative Growth Relative Growth, All 
All Manufacturing All Manufacturing Manufacturing, 
Adjusted 

7 8 9 10 11 I 

v.A. T.E. V.A. T.E. V.A- T.E. 
(millions of ; (hundreds of} (per cent)| (per cent) | (per cent)| (per cent) 

dollars) employees) 
- 130 - 106 - 19.7 - 9.9 + 3.4 + 4.8 
- 71 - 44 - 15.0 - 5.5 + 8.6 + 8.2 
- 29 - 43 -12.7 -11.5 - 8.0 - 8.2 
- 880 - 966 -17.2 - 12.7 - 7.2 - 7.4 
- 328 - 346 - 32.8 - 22.2 - 14.4 -11.1 
- 87 - 197 - 3.0 - 4,7 » 72 - 6.8 
-1211 - 540 - 8:3 - 2.8 - 6.4 - 5.8 
- 126 - 39 - 2.0 - .5 - 4.6 - 2.8 
- 839 - 1331 - 8.0 - 8.8 - 6.8 - 5.6 
+ 246 - 273 + 2.4 - 2.1 - 2.4 - 1.4 
+ 22 - 158 + 4 - 2.7 - 4.6 - 2.0 
- 645 - 946 - 6.4 - 7.6 - 6.8 - 7.0 
+ 557 - 538 + 6.5 - 5.2 - 1.4 - 4.4 
- 198 - 274 - 6.0 - 6.3 - 6.5 - 4.8 
- 84 - 70 - 5.5 - 3.7 - 5.1 - 5.4 
+ 139 + 70 +11.9 + 4.4 +13.1 + 4.6 
+ 123 + 19 + 4.9 + + 3.5 - 1.4 
- ll - 2 - 25.0 - 3.0 - 14.2 - 4.7 
- 5 0 - 5.7 - + .8 - .6 
- 43 - 4 -11.1 + .8 - 6.1 > wa 
+ 298 + 437 + 29.7 + 35.5 +17.4 +18.0 
+ 54 0 +16.4 0 +19.1 + 1.2 
+ 135 + 34 + 7.5 + 1.4 - 3.8 - 7.6 
- 9 ~ 4 - 5.9 - 2.1 - 2.2 ww Fee 
- 17 + 23 - 1.0 + 1.0 + 6.4 + 8.4 
- 48 - 201 - 4.7 - 14.8 - 14.8 - 13.4 
- 310 + 238 - 12.6 + 5.7 +14.8 +17.6 
- 188 + 155 - 15.5 > Tee + 22.4 + 19.6 
+ 10 + 291 + 6 + 9.8 + 22.6 +18.0 
+ 221 + 326 + 29.5 + 28.2 + 33.7 + 32.2 
+ 244 + 84 + 23.6 + 6.4 + 26.3 +11.2 
+ 152 + 141 + 9.4 + 5.6 +14.4 +11.4 
- 53 - 83 - 3.9 - 3.8 + 8.2 + 4.7 
- 5 + 65 - 1.0 + 7.3 + 16.2 +15.3 
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Table 6 (cont'd) 


Relative Growth and Relative Growth Adjusted for Industrial Structure, 
All Manufacturing by State, 1947-54 














Relative Growth Relative Growth Relative Growth, All 
All Manufacturing All Manufacturing Manufacturing, 
Adjusted 
7 8 9 10 11 12 
V.A. T.E. V.A. T.E. V.A. T.E. 
(millions of| (hundreds of| (per cent)| (per cent)| (per cent)| (per cent) 
dollars) | employees) 
Ark. + 18 + 25 + 4,2 + 3.5 +11.9 + 8.0 
La. + 62 -: 49 + 5.6 - 3.5 + 8.9 * 4 
Okla. + 44 + 186 +. T7 + 24.0 + 13.6 + 23.0 
Tex. + 740 + 780 + 22.0 9.9 + 18.2 + 12.8 
Mont. - ll - 4 - 8.2 - 2.0 +13.1 + 7, 
Id - 8 + 26 - 4.7 +12.8 +18.0 + 20.8 
Wyo. - 3 0 - 5.3 + 3 + 7.8 + 5.0 
Col. + 10 + 27 + 2.1 + 4,5 + 6.4 + 7.3 
N.Mex. + 31 + 55 + 26.8 +40.4 + 25.1 + 38.4 
Ariz. + 23 + 96 +12.8 + 39.5 +14.9 + 34.3 
Utah + 77 + 27 + 28.5 + 9.6 + 35.9 + 13.2 
Nev. .* 3 + 25 + 28.5 +47.1 + 26.9 + 43.6 
Wash. + 98 + 234 + 6.9 + 13.3 1.7 - 1.4 
Ore. - 127 + 651 - 12.3 + 4,3 4.0 + 12.0 
Cal. + 2145 + 2794 + 26.6 + 28.7 +10.2 +11.5 





























INDUSTRIAL COMPLEX ANALYSIS, 
AGGLOMERATION ECONOMIES, 
AND REGIONAL DEVELOPMENT 


Walter Isard and Eugene W. Schooler* 


1. INTRODUCTION 


This article is a sequel to a paper on industrial complex analysis! which 
reported on the first phase of a research project with reference to Puerto Rico. 
In addition to reporting on the second phase of this project, this article attempts 
to attack some of the difficult conceptual problems which still remain in the gen- 
eral field of agglomeration theory and interindustry relations. 


2. THE DIMENSIONS OF THE PROBLEM 


One distinguishing characteristic of modern industrial production is the 
existence of numerous groups or combinations of activities, the activities of each 
group being subject to important technical, marketing, or other interrelations. 
(In this article an activity is definedasa single productive process.) Such a group 
of activities may comprise the successive stages in the manufacture of an end- 
product; or the joint production of two or more commodities from a single class 
of raw materials; or the production of two or more intermediate commodities and 
their combination to form other intermediates and end-products; or various com- 
binations of these. (Infact, one may define a major activity group in terms of a set 
of smaller activity groups.) 





*The authors are respectively, Chairman of the Department of Regional Science 
and Lecturer in Industry at the University of Pennsylvania. 


1 W. Isard and T. Vietorisz, ‘Industrial Complex Analysis and Regional Devel- 
opment’’, Papers and Proceedings of the Regional Science Association, Volume 
I, 1955. 
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If a locational study is undertaken as part of an economic evaluation of such 
a group of activities, it must, to be meaningful, analyze the group as a whole as 
well as each of its several activities. Analysis which considers each activity 
alone, as though the activity were independent of the others, is inadequate. The 
necessity for joint as well as individual considerationis apparent when the activi- 
ties represent successive stages in the production of a single commodity or com- 
modity class. For example, the location pattern of ingot steel production cannot 
be ascertained without a knowledge of the location of pig iron production. But the 
location pattern for pig iron production cannot be established unless the location of 
its market, i.e., the production of ingot steel, is known. Furthermore, these 
activities are also influenced by the location of ore and coal deposits as well as 
steel rolling and finishing operations and the markets for fabricated steel products. 
Thus an adequate location study must consider the whole combination of activities. 


Joint analysis is no less necessary when the products of the individual activi- 
ties have multiple uses, or when the group of activities include more than one 
industry type. Acetylene and hydrogen cyanide produced from refinery gases can 
be used to manufacture acrylonitrile, which can then be transformed into orlon 
fiber and ultimately into textile fabrics. Inthis group of activities three industries 
are represented: petroleum refining, chemicals, andtextiles. Furthermore, most 
of the intermediate commodities have alternative uses, and thus alternative 
markets. But with regard to this particular production sequence, none of the activ- 
ities could be considered a priori as having an independent production location 
pattern. A joint locational evaluation is necessary. It is quite possible that such 
analysis would indicate multiple locations for some of the activities, as a conse- 
quence of the multiple uses for the commodities. 


In this connection, perhaps the objective of a locational analysis may be to 
assess the chances of a newly developing region to share in the growth of a given 
industrial activity. If the activity in question is part of a group of interrelated 
activities such as those described, the analyst should not base his evaluation on 
the assumption that the location pattern of allthe other activities in the group will 
be unaffected, i.e., may be taken as fixed. Such a procedure will often yield mis- 
leading results, and will generally tend to understate the locational advantage of 
the region under study. Anadequate analysis needs to consider possible locational 
changes in all the interrelated activities. If for example it is felt that a newly 
developing region might be a favorable location for automobile production or 
assembly, account should also be taken of the possibility that. such activities as 
glass, steel, and aluminum production might also locate in the same region and 
thus favorably influence a locational decision on an automobile assembly works. 
Or perhaps a region is interested in acquiring a meat packing industry. Any at- 
tempt at a detailed evaluation should consider the possibilities and influences of 
changes of the locational patterns of leather production and shoe manufacture, e.g., 
that leather production and shoe manufacture may alsobe profitably located in the 
region when the group of activities is considered as a whole. 





Account should be taken at this juncture of the possible objection that since 
all economic activities are interrelated--that everything depends on everything 
else--the analyst could, strictly speaking, justify nothing less than the evaluation 
of a general spatial equilibrium in each locational study. Actually, the very selec- 
tion of the group of activities to be evaluated involves, in one sense, a consideration 
of all economic activities, with the decision that the interrelations of most of them 
with the activity or activities under investigation are of such a small order that 
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they can be justifiably be ignored (particularly when research resources are 
limited). 


THE INDUSTRIAL COMPLEX CONCEPT AND ITS ANALYSIS 


Associated with the type of regionai analysis envisioned in the above para- 
graphs is the concept of an industrial complex. An industrial complex may be 
defined as one or more activities occurring at a given location and belonging to a 
group of activities which are subject to important production, marketing, or other 
interrelations. (The case of one activity represents an extreme case of an indus- 
trial complex; this case is included inthe definition simply for reasons of conven- 
ience in exposition.) 


Having defined an industrial complex, we may now proceed to analysis. We 
could develop in the rest of this paper the step-by-step procedure used over the 
last four years in arriving at conclusions regarding a set of specific industrial 
complexes. But, now that our study of these complexes is complete, we realize 
that many of the steps in our procedure were haphazard and that this reflects the 


hit-or-miss approach characteristic of much basic research. After considerable 
thought on procedure we better see what is an efficient set of steps. Therefore, 
instead of presenting the procedure actually used we shall attempt to develop a 
logical framework for industrial complex analysis, with a minimum of deviation 
from standard location approaches and terminology. This means that the data 
which we shall present will not be as meaningful as they would be in connection 
with our outmoded procedures. 


It now seems that industrial complexes can be attacked in a fashion quite 
similar to the Weberian approach to the location study of a particular industry. 
There is, however, the one major difference, namely, that an industrial complex 
is typically not a single activity or industry but a set of locationally interdependent 
activities which are hooked up by a matrix of structural relations. For conven- 
ience sake, this matrix may be conceived of as an internal input-output matrix; but 
it is more, for it allows variable coefficients of production as well as process 
substitution (i.e. alternative processes) in the linear programming sense. 


Now, following modern Weberian doctrine, we assume a fixed market for the 
products of the industrial complex. (Later, we will check the ‘‘first-run’’ results 
against the assumed pattern of markets, make changes in our assumptions if there 
are major inconsistencies, and proceed in an iterative fashion.) Next we assume 
as given the geographic positions of sources ofeach of the raw materials. (At the 
start we can assume either one or more sources of a particular raw material. If 
there are more than one source ofagiven raw material we can choose that source 
which initially seems best; and, after the first-run results are obtained and even 
modified, consider, with the use of standard market area analysis, whether or not 
a second or third or fourth, etc. source is more desirable.) 


Next we specify a reasonable internal structure for a reasonable industrial 
complex. For example, Figure 1 depicts a reasonable internal structure for the 
Dacron A complex, which as we shall see, is reasonable too. This complex has 
been described in the previous paper.2 It is not necessary to go into details for 
this paper. Suffice it to indicate that the complex has an oil refinery which pro- 
duces the customary refinery products. Several of these products are gases. One 





2 W. Isard and T. Vietorisz. Loc. cit. 
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of these gases, namely ethylene, is processed along with imported paraxylene, 
ultimately to become Dacron staple (upper part of the figure). Other gases, such 
as hydrogen and methane, are processed into ammonia, from which comes fertilizer 
(lower part of the figure). 


Once a reasonable internal structure of a reasonable industrial complex is 
determined, we calculate total input requirements and output yields. (That is, we 
obtain the inputs of raw materials and labor, and the output, which are assumed in 
the Weberian locational polygon analysis.) Such total input requirements and out- 
put yields are calculated via an input-output table such as Table 1, (and via other 
means when input-output relations are non-linear). This table is described in the 
first paper. We do not have the space to repeat this description here. 


To illustrate total input requirements for a set of reasonable industrial 
complexes, we present Table 2. In Table 2, negative signs indicate inputs; positive 
signs, outputs. Column 16of Table 2 presents most of the total input requirements 
and output yields for the Dacron A complex. 


Given the above assumptions, and the original and derived materials for any 
industrial complex, we seek the optimal transport point. That is, we construct a 
Weberian locational polygon, and via the use of geometry, or a Varignon physical 
model, or the Palander-Hoover isodapane approach, ora simple dollars-and-cents 
cost calculation, determine the point of minimumtransportcost. Unfortunately we 
cannot present here all the empirical materials which would fully develop a case. 
However we can give some illustrations with respect to the refinery-petrochemical- 
synthetic fiber complexes mentioned above. For these complexes, the Gulf Coast 
turns out to be the point of minimum transport cost.3 If we now take any other site 
of production, say Puerto Rico, we should expect total transport cost to be higher 
at this latter location. The extent of this difference (disadvantage) is approximately 
indicated in column 1 of Table 3 for selected reasonable industrial complexes. 


Still following Weber, once the point of minimum transport cost is deter- 
mined, one searches for possible deviation to other points on the basis of cheap 
labor, power, etc. at the latter. (He constructs critical isodapanes with respect 
to cheap labor locations, or to cheap power locations or calculates labor coeffi- 
cients etc.) We can once again illustrate this general step in industrial complex 
analysis. In our refinery-petrochemical-synthetic fiber complexes, the major 
possibility for deviation from a minimum transport cost point is associated with 
cheap labor. (For the most part, differences in power, steam, and fuel costs 
among most regions of the United States (including Puerto Rico) can be translated 
into differences in transport cost on fuel raw materials. )* On the Mainland the 
South represents a cheap labor location. The empirical materials collected do 
indicate that some labor orientation is economic. More specifically, they indicate 
that the activity producing the staple fiber from the chemical intermediates should 





3 An alternative minimum transport cost pattern for some complexes involves 
location in the South of the activity producing the fiber from the chemical inter- 
mediates and the location at the Gulf Coast of all other activities. 

t For full treatment of the point, see forthcoming book manuscript by Isard, 
Schooler, and Vietorisz. 
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Table 2 
TOTAL REQUIREMENTS AND YIELDS OF SELECTED INDUSTRIAL COMPLEXES 


















































gemeeee ae gaa ““— wae* or mene ee 9 —-7 ee ae an 1 
Dacron A DecronB | Dacron ¢ Dacron D Orlon B | Dynel A Dynel F 
< 3 4 5 6 7 
—_—_— _ + + + + + + —+- . ~+ —_—4 
1 Crude Oil MMbbl....... .| - 9.428 9.428 - 9.428 9.428 9.428 - 9,428 - 9.428 9 
2 Gasoline, straight-run MMbbi + 1,306 + 1.300 + 1,300 + 1.300 + 1.300 + 1,300 + 1.300 es 
3 Gasoline, cracked MMbbl . + 2.226 + 2.226 + 2,226 + 2.226 + 2.226 + 2.226 + 2.226 + 2 
4 Gasoline, reformed MMbbi + 1,486 + 1486 + 1,466 + 1,486 + 1,486 + 1.486 + 1,486 + 
5 Gasoline, polymerized MMbb1 + 0,433 + 0,428 + .433 + 428 + 0.444 + 0.415 + 0.444 + 
6 Napbtha, MMbbi...... . 
7 Kerosene, MMbbi. . . + ( + 707 + 707 ¢ 707 + ¢ 7 + 0.707 + + 0,707 
8 Diesel Ofl MMbbI. + + 896 + 96 + 0.896 + 0.896 + 0.896 + 0.896 + 896 
9 Gas Oil MMbbi. ° ° 
Cycle Oil MMbbi + 1,980 + 1.980 + 1,98 + 1.980 + 1.906 + 1.887 + 1.980 + 1.986 
11 Heavy Residual MMbbl . ° 
12 Coke and Carbon 10xMMib . + 4,033 + 4 + + 4,033 + + 4 + 4.033 
13 L.P.G. 10xMMIb + 15.359 + 15 + + 14,006 +1 + 15 + 13.050 
14 Hydrogen MMIb.... ‘ 788 + + + 3.553 + + 2 + 0.61 
15 Methane MMIb. : : + 15,088 + + + 9.658 - + 3 + 0.038 
16 Ethylene (mixed) MMIb.. . + 6.948 + 9.794 + 6.715 + 9.561 + 3.359 + 0,950 + 1,106 + 5 
17 Ethane (mixed) MMib + 12,513 + + 12,264 + + 2.373 + 1.528 + 1.059 + 9 
18 Propylene MMIb + 2,971 + + 2,971 + + 3.542 - 0,066 + 2 
19 Propane MMIb. . + 1.99 + + 1.99 + 2.875 + 0,001 +1 
20 Butylenes MMIb 
21 Butanes MMib ° 
2 Pure Ethylene + 03 + 003 + 07 012 
Pure Ethane MMIb . +1 + 18.356 +1 + 0,004 
Steam MMMIb 4.547 4.885 - 5,021 - 4,401 
Power MMKWH 386 16 140.933 142. 383 148. 253 
Fuel 10xMMMBTU . 275.642 855 313.006 ~277.014 ~281. 806 272.244 
Salt MMIb. . and aoe | exceseses 435 ° ~ 93.075 26.469 
Caustic Soda MMIb . . ° 44 + 61.594 + 17,516 
Chlorine MMIb. . ose eee ove 0.003 0,003 ee es . eevee 
Hydrochloric Acid 100% MMlb . . + 0.311 oe + 0.311 os coves + 14.329 
Limestone MMIb . P ° ° 14,185 ° 14, 185 ° sevesees - 
Lime (hydrated) MMib. . e oe 0.005 . ° 0,005 ese ecee 
Ethylene Oxide MMI . . . +e . + 0,013 . + 0.003 
4 Nitro MMib. . + 80,172 ee +6 2 +265. 948 
35 Ethylene Glycol MMIb 6 + 01 + 001 + 0 + 01 
36 Ethylene Dichloride MMIt ° . esee ‘ioe e 0.003 
37 Acetylene MMIb. . . ° + 0.002 + 0,002 
38 Vinyl Chloride MMIb 7 + 0.005 + 0,005 
39 Ammonia MMIb 32 018 + 04 0.003 - 0.020 + ». 001 + 0.017 
40 HCN MMIb . ° ove + 0.002 + 0.002 + 0,002 + 0.002 
41 Acrylonitrile MMIb eee | 0.005 ).005 
42 Methanol MMIb 2,522 2 2.522 
43 Sulphur MMIb 1.777 
44 Sulphuric Acid MMIb 02 ° 
45 Nitric Acid MMIb + 61 0.061 065 - 066 60 0.061 0.020 
46 Paraxylene MMit éémas 25.072 - 25.072 - 21.753 21. 754 
47 Dimethyl Terephthalate MMIb ). 005 05 + 0,005 + 0,005 
48 Dacron Polymer MMIb . ‘ 
49 Dacron Staple MMIb. . . + 36.500 36. 50( + 36. 50¢ 36, 500 
50 Dacron Filament MMib 
51 Dynel Polymer MMIt o | ceccoves cvccece ° ° oe 
52 Acetone MMib . eees ° ee ~ 10.950 10.950 
53 Dynel Staple MMIb.. . eeee everecees ° oe sees * 36. 500 36. 50 
4 Dynel Filament MMIb ° 
55 Orlon Polymer MMib . 
56 Dimethyl Formamide MMIb 8.395 - 8,395 
57 Orlon Staple MMIb.... 36.500 36. 500 
58 Orlon Filament MMib . eo . sees oe cece eeveesces ° ° ° eeecseeee 
59 Ammonium Nitrate MMIb. . . + 87. 60 87. 600 + 87.600 87, 60¢ + 87. 68( + 87.680 + 87.600 87.68 
60 Urea MMib.... : + 69,000 69.000 + 69.000 69.000 68.960 + 68.960 + 69,000 68.960 
61 Carbon Dioxide MMIb . . ° - 51.750 51.750 51.750 - 51.720 ~ $1750 51.720 
Textile Labor MMmbr.. . 5. 284 5.359 - 5.283 - 5.358 - 5.315 - 5.280 5. 396 5.334 
217 2.5% 2.39 


Chem-Pet. Labor MMmhr 2.229 2.473 - 2.226 2.469 2.329 - 2 
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be deviated to a cheap labor site in the South, while all other activities should re- 
main concentrated at the Gulf Coast. (Generally speaking, little change in trans- 
port cost is involved, since the additional costin shipping the chemical polymer or 
salt to a Southern textile fiber plant is approximately matched by savings in ship- 
ping the finished product to the market.) But if we consider cheap labor locations 
on the Mainland, we should also consider possible deviation to cheap labor locations 
outside the Mainland, namely to Puerto Rico. A shift to Puerto Rico involves 
savings on textile labor of approximately $4 million when compared to the best 
mainland pattern (with fiber plants in the South). This is indicated in column 2 of 
Table 3. However, since Puerto Rico does not possess chemical and related labor, 
it would incur additional costsin attracting suchlabor. Such costs may be approx- 
imated at around 2.5 million dollars as indicated in column 3. Subtracting from 
Puerto Rico’s advantage on textile labor account both the disadvantage on transport 
account and the disadvantage on chemical labor account yields column 4. This 
column does indicate the economic feasibility of deviating at least selected indus- 
trial complexes from the sites of an optimal pattern on the Mainland to a cheap 
labor site, namely Puerto Rico. But perhaps it would be still more economic to 
consider deviating only part of these selected industrial complexes and not the 
whole. This matter could logically be considered at this point. However, for 
exposition purposes, we prefer to illustrate this step with empirical materials at 
a later point. 


An industrial complex analysis must proceed further. Modern Weberian 
doctrine would introduce agglomeration economies--more specifically: scale 
economies, localization economies, and urbanization economies, and certainly no 
later than this point modern Weberian doctrine would permit substitution among 
factor inputs and product outputs. Let us first treat substitution, 


When we consider the location of a complex at two different sites, say a 
resource site and a market site, it iswrong at least theoretically to postulate that 
the internal structure of the complex will be identical at both sites. For at the 
resource site, the delivered price of the resourcewill be lower than the delivered 
price of the resource when location is at the market. Therefore we can expect 
that relative to the optimal internal structure at the market, location at the 
resource site will tend to involve substitution of the resource for other inputs. Or, 
if a complex either in whole or part deviates to a cheap labor point, we anticipate 
the general substitution of the cheap factor, labor, for other factors as well as a 
host of subsidiary substitutions. Typically inindustrial complexes, such substitu- 
tion, i.e., change in factor proportions, involves process change, since small sub- 
stitutions along a continuous transformation function are in actuality infrequent. 
This is why in the original input-output matrix all feasible production processes 
must be included. (And in this sense the input-output matrix is identical with the 
activity matrix of linear programming.) We shall illustrate process change and 
substitution later. 


4, AGGLOMERATION AND SPATIAL JUXTAPOSITION ECONOMIES 


Now we may introduce the first major type of agglomeration economy, namely 
scale economies, as modern Weberfan theory would have us do. Such economies 
differ from location to location. For example, major industrial activity existing at 
one site may make possible economies of scale not possible at a second site where 
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no industrial activity is present. This relation is clearly demonstrated in our 
refinery-petrochemical-synthetic fiber complex. The Gulf Coastisa major indus- 
trial area. Puerto Ricoisatmosta minor industrial area. Therefore, practically 
all petrochemical activities can be operated at scales and achieve scale economies 
in the Gulf Coast not possible for Puerto Rico. Hence realistic analysis must 
account for differences in scale economies, as we do in column 5 of Table 3. But 
bear in mind that scale economies also involve process change, and thus influence 
in a significant way factor proportions and the internal structure of industrial 
complexes at any site. To illustrate, because the market for nylon salt is rela- 
tively small in Puerto Rico, a process, namely an all-adipic acid process, which 
achieves relatively low unit costs at relatively small outputs is employed in Puerto 
Rico. In contrast, because the marketfor nylon salt is relatively large at the Gulf 
Coast, a process, namely an adipic acid-adiponitrille process, which does not 
achieve low unit costs at small outputs but is best for achieving low unit costs at 
high outputs, is used at the Gulf Coast. Hence in column 5 of Table 3 we cover 
both scale and process differences. In this column we assume that the Gulf Coast 
plant has only moderate scale economy advantages over Puerto Rico plants. In 
Table 4 we consider the case where Gulf Coast plants have maximum scale econo- 
mies relative to Puerto Rico plants. 


In addition to scale economies, agglomeration economies include localization 
economies, i.e., economies that occur when like plants congregate at one site. 
These economies are quite important for certain complexes such as the garment 
trades complex. In the refinery-petrochemical-synthetic fiber complexes, how- 
ever, they tend not to exist since scale economies are so major that one rather 
than two or more plants of the same type tends to evolve. 


Finally, Weberian agglomeration analysis for an industrialecomplex would 
encompass urbanization economies, or what might be more appropriately termed 
urbanization-regionalization economies. These economies emerge when unlike 
plants are spatially juxtaposed rather than geographically separated. And as with 
individual industry analysis, these economies are difficult to identify in many cases. 
To be more concrete we may enumerate some of these economies. In an integrated 
steel works, heat economy achieved in the transferal of molten pig iron to open 
hearth furnaces is such an economy. Or in refinery-petrochemical-synthetic fiber 
complexes, the economy in the use of optimum size power and steam plants is such 
an economy. This latter economy would not be realized if we were to separate 
geographically two or more activities, where each had to produce its own power 
but did not require the output of an optimum steam plant. (Such a situation does 
not occur in the complexes examined.) 


Much more difficult to estimate in industrial complex analysis as well as in 
single industry analysis, are other types of urbanization-regionalization econo- 
mies. Among these are: (1) administrative economies and other savings in in- 
direct production costs; (2) finer articulation of production among the several 
stages; (3) more effective quality control; and (4) social welfare gains such as 
improved attitude toward work and higher labor productivity from more adequate 
incomes. 


Such urbanization-regionalization economies when combined with localization 
economies and those aspects of scale economies which stem from optimum size of 
auxiliary, non-battery limits facilities (e.g., steam and power plants) are extremely 
important in industrial complex analysis. As a whole, they represent economies 
obtained from spatial juxtaposition. 
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The importance of these spatial juxtaposition economies can best be con- 
sidered by comparing (1) split geographic patterns of relatively many, but small 
industrial complexes with (2) one or a few relatively large complexes involving 
considerable concentration of activities at one or a relatively few locations. To 
facilitate this comparison in our case study we present Table 4. In Table 4 we 
list in the left-hand tab some of the full industrial complexes already considered.? 
Below these, we also list what we call short programs. Short programs are in 
essence complexes consisting of only some of the full range of activities, at the 
extreme possessing only one activity. For example, Short Program A consists of 
a fiber plant only. Short Program Dconsists of fiber and fertilizer activities only, 
and Short Program F consists of a refinery, fertilizer and fiber activities, but no 
activities producing chemical intermediates for the fibers.© Now observe column 
2 of Table 4. This column refers to a situation where it is assumed that the Gulf 
Coast plants have only moderate scale advantages over Puerto Rico plants, an 
assumption which seems most reasonable to the authors. Note the figures in this 
column. Of the full programs, NylonG has the greatest advantage, namely $592,000 
per year. But as we go down this column we notice that Short Program D has an 
advantage of $1,785,000 per year. Are we toconclude therefore that Short Program 
D consisting of fertilizer and fiber activities only is superior to the full complex 
of Nylon G? Our answer is no!, simply because we have not been able to record in 
Table 4 important spatial juxtaposition economies realized by a full complex. ‘ 





“All the full programs comprise refinery, petrochemical, fertilizer,and synthetic 
fiber activities. The major differences among the full programs are in the types 
of fiber produced and in the petrochemical intermediates from which these fibers 
are derived. All the Orlon programs involve the production of the intermediate 
acrylonitrile, but Orlon A and Orlon B derive the acrylonitrile from hydrogen 
cyanide and ethylene oxide (oxidation process), while OrlonJ derives acrylonitrile 
from hydrogen cyanide and acetylene. 

All Dynel programs require the production of vinyl chloride and acrylonitrile 
as intermediates for dynel fiber. In Dynel A, both these intermediates are based 
on ethylene and chlorine (along with HCN inthe case of the acrylonitrile); in Dynel 
F the vinyl chloride is derived from acetylene and hydrogen chloride (ex chlorine) 
and the acrylonitrile comes from acetylene and HCN. 

Dacron fiber requires the intermediates ethylene glycol and dimethyl tereph- 
thalate. In Dacron A the ethylene glycol is derived from ethylene by the oxidation 
process and the DMT is produced by the air oxidation of paraxylene. In contrast, 
Dacron D calis for ethylene glycol from ethylene and chlorine via the chlorhydrin 
process, and DMT from paraxylene via nitric acid oxidation. 

Nylon fiber is derived from the intermediates hexamethylene diamine and adipic 
acid. Nylon A requires the production of HMD from adiponitrile, which in turn is 
derived from furfural. The adipic acid in this program is produced by the air 
oxidation of cyclohexane. In the NylonG program, the HMD is derived from adipic 
acid, which thus is the sole intermediate and is derived entirely from the air 
oxidation of cyclohexane. In contrast, Nylon K calls for the production of both 
HMD and adipic acid from adiponitrile, all of which is derived from butadiene. 


6Short Program E consists of refinery and fertilizer activities alone. 


‘The first column of Table 4 is applicable under conditions of maximum mainland 
scale economies for petrochemical activities. These conditions obtain when the 
activities of a mainland complex can be operated at scales considered optimal 
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Let us reiterate that spatial juxtaposition economies can be critical in 
industrial complex analysis and particularly so in underdeveloped regions. In 
Puerto Rico a full industrial complex would tend to have important advantages 
over a smaller industrial complex--advantages in developing a pool of engineering 
labor; in changing entrepreneurial attitudes, savings and investment habits; in 
accelerating the pace of industrialization and basic development processes. An 
economic development agency may well conclude that the difference between the 
net savings of a partial complex and the net savings of a full complex--which in 
the case above is roughly $1.2 million annually--is more than balanced by the 
greater general welfare effects of afull complex and may be worth a subsidy equal 
to the difference. 


We recognize of course that any attempt atidentifying the general magnitude 
of spatial juxtaposition economies (such as welfare effects) many of which are 
intangible, is a very difficult step.® Certainly it is as difficult, if not more so, for 
industrial complex analysis than for single industry analysis. Yet this difficulty may 





7 (cont.) 
from an engineering-economic standpoint. For example, these optimum scales for 
the Dacron A activities are listed below in column (a) 





a | Mainland Scales __ (MM Ib/yr) | Puerto Rico Scales] 
[ ~ «|| Max. =|) Mod. Min. 
| (a) |  (b) (c) (d) 
| Ethylene Glycol | 100 | 50 12 12 
DMT 100 50 40 40 
Ethylene 200 | 50 10 10 
| Amonia | 135 100 | 100 100 
Nitric acid \ 200 | 100 70 70 
Ammon. Nitrate | 200 | 100 | 90 90 


| _— Urea _ | 200 | 100 | 70 | 


The second column of Table 4 refers to conditions of moderate mainland 
scale economies. Such conditions are represented by activity scales on the mainland 
which are common at the present time. For Dacron A these activity scales are 
recorded in the above table in column (b). 





Column 3 of Table 4 refers toconditions of minimum scale economies on the 
mainland. Essentially such conditions obtain if mainland market and other con- 
ditions warrant complexes with most activities of the same scales as those postu- 
lated for the Puerto Rico complexes. For DacronA; these mainland activity scales 
are recorded in column (c) above, and the Puerto Rico scales are recorded in 
column (qd). 


In Table 4, columns 4 through 6 and7 through 9 repeat the maximum, moder- 
ate, minimum order of mainland scale economies assumptions, but the data of 
these columns were calculated on the basis of two more alternative assumptions 
as to the Puerto Rico mainland wage rate differential. 





8Some of the spatial integration economies are of course much more amenable to 
calculation than others. For example, the heat economies and power economies 
mentioned in the examples given in the text are rather easily identified or esti- 
mated. Also, savings in clerical labor and other indirect costs as well as scale 
advantages in steam and power production, all resulting from spatial integration, 
can in certain cases be fairly accurately estimated. And even such advantages as 
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Table 4 


Overall Advantages of Selected Staple Fiber Programs, in $M/yr, By Mainland 
Scale Economies Assumption and Under Each of Three Assumptions of Wage Rate 
Differentials 












































ACL =+ 100} ACL= ol ACL =+ 50 } 
Program ATL=- 752 ATL =-752 ATL =- 37.52 
- —_—_—_——_ — $$$ $$ = —— 
Mainland Scale Mainland Scale Mainland Scale 
| Economies | Economies Economies 
} } 
| Max. Mod. Min. |Max. Mod. Min. |Max. Mod. Min. 
(1) (2) (3) (4) (5) (6) |”) (8) (9) 
Orlon A -2515 -1731 -1145 |- 219 565 1151 |-3356 -2572 -1986| 
\Orlon B /-1994 -1042 - 332] 335 1287 1997 |-2823 -1871 -1161| 
|Orlon J - 569 383 1093] 1648 2600 3310|-1441 - 489 221 
L 
|'Dynel A -3070 -2221 -1267|- 490 359° 1313 |-3798 -2949 -1995 
'Dynel F -1122 - 272 - 681] 1268 2118 3071 ]|-1927 -1077 - 124 
L 
lDecren A |- 790 311 1471] 1439 2540 3700 |-1657 - 556 604 
t= 2. | 
|Dacron D -2427 -1326 - 166 42 1143 2303 |-3202 -2101 - 941 
'Nylon A 1-5003 -1569 +1235 |-2379 1055 1389|-5718 -2284 -1950 
ioaneay re Fete ee Rr ee SS 
| Nylon G -2841 592 927 |- 566 2867 3202 |-3691 - 258 77 
be: ae SRE ee ee oe 
| Nylon K 14148 - 585 - wre neal 1956 saad) Wein -1332 - 997 
We 7 
|Short Program A | 1563 1563 1563| 2944 2944 2944| 367 367 367 
| ' 
ie Se ae ee Oat te Oe ae ae 
Short Program D} 1395 1785 2074 | 2959 3349 3638 248 638 927 
Short Program E |= 612 = 222 67 |- 187 203 492 |- 498 - 108 181 
Short Program F 983 1373 1662] 2789 3179 3468 |= 99 - 291 580 
— a cme ee 





1 ACL is wage rate differential (Puerto Rico minus mainland) on chemical- 
petroleum labor, in ¢/mh. 


2 ATL is wage rate differential (Puerto Rico minus mainland) on textile labor, in 
¢/mh. 
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not always constitute a serious obstacle to analysis. For example, in certain cases 
the interrelations of activities might be such that spatial juxtaposition of all the 
activities leads to substantial economies which could not be achieved in any but a 
full combination. If so, a realistic locational or regional analysis need only evaluate 
for each potential location a complex of the full group of activities and need not 
consider split location patterns. Furthermore, in such a situation it can often be 
further postulated that the economies of spatial juxtaposition are approximately 
equal in magnitude at all feasible locations. Thus it is sufficient for the analyst 
to pursue a locational comparison of the full complex, using only the relatively 
objective data on regional differences in production and transport costs; such data 
are more easily obtainable. 9, 10 


Thus the existence of economies of spatial integration furnishes a second 
major basis for superiority of the industrial complex approach over an approach 
based on evaluation of each activity independently of the others. 


5. SUMMARY 


To sum up, industrial complex analysis is concerned with regional patterns 
of incidence and growth of groups of industrial activities subject to important 
technological, marketing, or other interrelations. These interrelations can be 
attacked by a modern Weberian framework. In sucha framework we typically look 
at locational interglependence in matrix form a la input-output with adjustments 
for non-linearities and economies of scale within each activity. By doing so we are 





8 (cont.) 

better organization of production and more effective quality control can conceivably 
be estimated quantitatively. The principal problem inthis connection--one which it 
may optimistically be hoped is not insuperable--is in persuading interested parties 
who possess the required data to make the relevant calculations, or at least to 
make the data available. 


The most difficult economies to estimate are of course the positive welfare 
effects. However, it is possible that certain indirect effects of alternative size 
complexes upon community or regional growth can be compared by some sort of 
regional multiplier approach, perhaps utilizing input-output concepts. If such analy- 
sis could be accomplished successfully, the results could be used as a partial 
basis for decisions by regional governments concerning a variable tax-subsidy 
program applicable to a full complex on the one hand and to various possible 
smaller sub-complexes on the other. 


it might be objected in this connection that such a procedure disregards possible 
differences in the magnitude of external economies, e.g., urbanization economies, 
available to the industrial complex in question at different locations. This objection 
is valid to some extent. Yet on the other hand some of these advantages which are 
largely a function of the existing configuration of economic and social activity at 
each possible location, would tend to be reflected in the set of regional prices and 
costs used in the initial locational comparison. 


10. alo an ; , a a 
hen spatial juxtaposition economies are not so large and pressing as to require 
full complexes at each possible location, these economies nonetheless may permit 
the analyst to consider only asmall number of possible split-location patterns, and 
to some extent to avoid the difficulty mentioned in the text. 
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attacking that kind of locational interdependence where one activity constitutes the 
markets for the product of another activity, i.e., where we explicitly consider the 
technical bonds which closely knit activities. We use typical comparative cost 
approaches here. We evaluate differences among regions intransport, labor, power, 
and fuel costs, etc., and in production costs arising from scale of operation. From 
such evaluation any one of a number of possible location patterns can emerge. We 
may find that for one configuration of markets, all the activities might best be in- 
cluded in one giant complex concentrated ata single location; for another configura- 
tion of markets the activities might best be geographically split in three parts, 
giving rise to several types of smaller complexes at three locations; and for yet 
another configuration of markets, a still. greater number of still smaller com- 
plexes might be optimum, etc. In short, many variable patterns are possible, 
depending upon the geographic spread of markets, as well as upon other major 
factors such as the geographic spread of basic raw material sources. 


However, industrial complex analysis, just as industry location analysis, 
must attack spatial juxtaposition economies; and in attacking these economies, 
industrial complex analysis may permit more meaningful industrial projections or 
greater understanding of industrial location patterns. If economies of spatial juxta- 
position are known to be of major significance in full complexes, and roughly of 
the same magnitude from location to location, comparative analysis may safely 
proceed with an evaluation of only the objective locational factors of transport 
cost differentials and production cost differentials (including the scale factor for 
each individual activity) affecting the full complex in each potential location. If 
spatial integration economies are modest they must be calculated in order to com- 
pare full complexes with split location patterns of smaller complexes. Because of 
the intangible nature of many spatial juxtaposition advantages, they are not subject 
to accurate calculation and thus any comparative cost data must be interpreted 
with caution. 


In conclusion, it may be stated that for many problems concerning resource 
use, industrial location, and regional deve!opment, industrial complex analysis is a 
useful technique. It can identify and evaluate profitable situations and activity com- 
binations which cannot be accurately assessed either by simple individual industry 
comparative cost studies, or by strictly linear interindustry techniques. 


Yet there are limits to the use ofthe industrial complex approach. Obviously 
it should not be used where the technical and production interrelations among activ- 
ities are relatively insignificant. Further, its effectiveness may be limited in 
situations where some of the activity interrelations result in economies of spatial 
juxtaposition which are largely non-quantifiable. Also, because of the magnitude 
of the computations involved, the analyst cannot expect to treat all the inter- 
relatidns in every situation. Many times he must be content to evaluate the major 
ones, assuming optimistically that the less important ones do-not lead to significant 
interregional cost differences. 


Nevertheless, despite its limitations, industrial complex analysis can con- 
tribute importantly to the understanding of regional growth and development, 
especially when employed in conjunction with other regional science techniques. 








COMMENTS ON THE PAPERS 
BY FUCHS AND ISARD AND 
SCHOOLER. ! 


DISCUSSION PAPER 


Paul G, Craig* 


For reasons of personal interest and previous research efforts, I would like 
to devote most of my attention to Professor Fuch’s paper. But before turning to it 
allow me a few brief observations on the paper by Isard and Schooler. In thei 
discussion of Industrial Complex Analysis, they apply the general Weberian loca- 
tion analysis to an industrial complex or family of related industries rather than 
to a single industry. Essentially they change only the size of the industrial unit, 
the location of which is under study. In so doing they suggest, and for a particula 
complex they illustrate, that what might be a sub-optimal location for any one 
industry within a complex can very well be optimal for the complex as a whole. 


The significance of their work, apart from the value of particular findings 
relative to Puerto Rico, lies in the inroads they make upon a much larger problem 
confronting location theorists. It is generally recognized that there are numerous 
production economies (and possibly other welfare gains) that stem from agglomera- 
tion or the spatial juxtaposition of enterprises. The growth of metropolitan areas 
testifies to this. However, it is difficult te identify and even harder to measure 
these economies. Isard and Schooler have identified and shown how to measure 
one of these production economies--the economy accruing to an industrial complex 
the parts of which are spatially juxtaposed. The component industries of a com- 
plex are technically interrelated so that they of necessity supply and use a certain 
proportion of each others inputs and outputs. This technical relationship makes it 
possible to calculate the cost savings of group location versus separate location. 
What they save by taking in each others washing is quantifiable. 





= : ' . 
[These comments were presented at the meetings of the Regional Science Assoc- 
iation in December 1958 at Chicago. 


*The author is Associate Professor of Economics, The Ohio State University. 
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Unfortunately their work still leaves us the larger problem of measuring the 
gains from agglomeration accruing to non-technically related industries. In its 
present state their methodology is mainly useful in appraising alternative loca- 
tions for highly interrelated industrial complexes. This is a step forward but still 
in the realm of partial Weberian location analysis. 


Turning to Professor Fuchs’ paper, let me begin by saying that his paper, 
with minor revisions, constitutes an important contribution to the literature and 
methodology of regional analysis. The data derived from his method provide a 
valuable set of reference materials for numerous future research projects. As 
tools for the analysis of state and regional economies, Fuchs’ measures of rela- 
tive manufacturing growth in the various states and of the spatial mobility of 
manufacturing industries are perhaps the most useful yet developed. They have 
much to recommend them. They are conceptually simple. The raw data for their 
derivation are available, even if laboriously assembled. They are easily and un- 
ambiguously interpreted. They are in a form that facilitates their comparison 
and correlation with other economic data for the states and regions. Finally, his 
method of adjusting growth rates for industrial structure in the various states 
enables the observer to appraise a state’s performance in both a ‘‘handicapped’”’ 
and an ‘‘unhandicapped”’ race. 


Any work such as this requires certain preliminary assumptions and classi- 
fications of data. The four mainpreliminaries here deal with: (1) the areal unit for 
which growth will be tested and in terms of which industrial mobility will be as- 
certained, (2) the classification of industries, (3) the time span for which com- 
parisons will be made, and (4) the variables which will be used to measure the 
magnitude of an industry in an area. Although Fuchs’ particular results and con- 
clusions grow out of his handling of these four sets of preliminaries, his metho- 
dology is general and can be used equally well with different assumptions and 
classifications. For this reason I will direct my main comments to his metho- 
dology, leaving until last some observations on his assumptions and conclusions. 


First, some of his mathematical notation is unorthodox, and he should change 
it so as to communicate more easily with his readers. Specifically, change H, to 
H. ; hg to hig; Hg to & and make similar changes for the B notations. This is a 
mihor point but clarifies his whole presentation. 


Second, one of his main contributions is in deriving percentage measures of 
relative growth or decline for each state. Although he does not specifically set it 
forth as such, the whole procedure is one of considering national growth as a norm 
and comparing each state with that norm. Yet, for reasons not altogether clear or 
defensible, he violates the symmetry of his method and seriously weakens the 
usefulness of his findings by his use of a changing denominator in equations (2), 
(6), (9), and (10). He should use the same denominator for calculating percentage 
growth above norm and percentage growth below norm. This is so for two reasons. 
First, it makes all of his growth percentages, plus or minus, consistent with each 
other. Second, his whole analysis is concerned with comparing actual growth with 
a growth norm. Only ‘by using the norm (his Hj, or in equation (9), Hg) in all de- 
nominators do the growth percentages reflect such an analysis. His method does 
not permit direct comparison of plus and minus growth percentages. I should like 
to see his Table 5 recomputed along these lines. 


Since the data are sure to be in demand as reference sources for other re- 
search, Table 5 should also be revised by adding a column showing the measure 
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of relative industrial structure for each state; and the stub should be sub-divided 
into regions with sub-totals for each region shown in each column of the table. 


Turning to matters of less importance, I would like to discuss the choice of 
the state as the areal unit in this type of analysis. For earlier periods such as 
1929, the state is the smallest feasible unit, because of data limitations. Also 
some analyses are best served by using the state. But for many analyses, using 
the state as an arealunit not only limits the findings of value but distorts them. For 
example, Fuchs’ speaks of location ‘‘changes from one part of the country to 
another.’’ His equations (3) and (4) will reflecta shift from Pittsburgh to Wheeling 
in the same manner as it woulda shift from Pittsburgh to Texas. This is certainly 
misleading. 


For purposes of studying the economic forces leading to differential rates 
of growth, the Standard Metropolitan Area would be a better areal unit and an en- 
tirely feasible one for post-war studies. Several metropolitan areas and their in- 
dustrial agglomerations spread across state lines, and a shift of an industry to a 
different part of one of those areas, even though it involves crossing a state 
boundary, may not consitute evidence of industrial mobility. Fuchs’ measures of 
industrial mobility are therefore likely to be misleadingly high. Furthermore, the 
statewide factors that influence location are highly over-rated, especially as long- 
run influences. 


Another matter of interpretation involves the time periods chosen for analy- 
sis. It is concluded that the findings reflect ‘‘true long-term trends.’’ But the 
failure to use time periods showing change from 1929 to 1939 and from 1939 to 
1947, causes one to question this conclusion. Without wishing additional work on 
one who has already done yeoman service, I would suggest that these additional 
time periods be analyzed as a basis for more certain conclusions as to when, why, 
and how the shifts in location came about. Casual observation indicates that, for 
some industries, World War II playedakey role in relocation. For these industries, 
Fuchs’ findings surely would not reflect ‘‘true long-term trends.”’ 


I am sure that many of us working in this area would also like to see the in- 
dustry transformation tables used for regrouping census data. There is no reason 
to question the classification used in this research, but all of us are troubled by 


this part of data assembling and Fuchs’ labor should not be lost to the location 
analysis fraternity. 


DISCUSSION PAPER 


R, Netzer* 
1, THE ISARD-SCHOOLER PAPER 


The authors’ case for the value of industrial complex analysis and for the 
reasonableness of their own methods is so persuasively argued in the paper that 





*The Author is an Economist to The Federal Reserve Bank of Chicago. 
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this reader’s initial reaction was simply, ‘‘Of course!’’ In fact, their thesis seems 
so self-evident that one may well underrate the value of their efforts. More 
seriously for my purposes here, they give the discussant little scope for his 
traditional contentious function. 


I am especially intrigued by the whole subject of spatial juxtaposition econo- 
mies, to which the authors have devoted about one-third of the paper. Few dis- 
cussions of regional development, scholarly or lay, fail to treat spatial juxta- 
position economies either implicitly or explicitly, but in a loose and imprecise 
fashion. Isard and Schooler rightly bring the subjectin as an integral part of their 
analytical process. I stress this because inregional development as in all sorts of 
other spheres where large-scale doses of investment are being discussed--water 
resources development, transport facilities, and the like--the possibility for 
enormous bias in the treatment of external economies exists. The bias ranges 
from ignoring the economies to, more frequently, double- and triple-counting them. 


I am impressed by one potentially very useful contribution of the Isard- 
Schooler industrial complex analysis to the knotty problem of external economies 
whose measurement is so difficult. As the authors point out, it is often true that 
spatial juxtaposition economies are roughly equal for full industrial complexes at 
all feasible locations. And it is inherent in the Isard-Schooler method--in sharp 
contrast to individual activity location analysis--that the former approach may 


isolate situations in which the only reasonable locational pattern involves full 
complexes rather than split ones or individual activities. In such instances, in- 
dustrial complex analysis permits the scholar, and the decision-maker as well, 
largely to ignore the subjective external economies and consider only objective 
data on production, markets, and transport. 


Finally, there is a minor point at which I take issue with the authors. Ina 
footnote reference, they suggest the possibility of shortcut techniques to assess 
certain indirect spatial integration economies. In view of the importance of spatial 
juxtaposition economies to their analysis as a whole, it is unworthy of them to 
foster techniques which are peculiarly vulnerable to bias and measurement errors. 
This, however, is indeed a minor point--but it is the discussant’s task to quibble. 


2. THE FUCHS PAPER 


I would rate as the study’s most important distinctive contribution its ex- 
ploration of the link between the industrial structures of the regions examined (in 
this case, states) and their relative gains and losses of manufacturing activity. 
The study thereby eschews the much more common simple-minded relationships 
of relative growth to locational advantages of a supposedly critical nature. This 
is a great advance, for armed with this approach and results, one can deflate the 
often unfounded enthusiasm of the gainers and perhaps mitigate the search for 
scapegoats among the losers. In both cases, a better appraisal can be made of 
future prospects and the appropriate course of action and study for those con- 
cerned with economic development. 


An example of what I have in mind which is fairly close to home and may be 
of some importance in years ahead concerns Michigan. During both time spans 
Fuchs studied, Michigan did conspicuously better than its neighboring states. To 
some extent, this can be attributed toits ‘“‘favorable’’ industrial structure, that is, 
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the predominant position of what was then a growth industry, motor vehicles. I am 
sure that from 1954 to 1958 Michigan dida good deal worse than its neighbors and 
I would guess that this may very well continue into the intermediate-term future. 
Unless this situation is linked to industrial structure, Michiganders are all too 
likely to seek scapegoats in the tax structure, labor costs, and so on, and to decry 
“the flight of industry.’’ However, the source of the changed fortunes here quite 
clearly is the state’s now relatively ‘‘unfavorable’’ industrial structure--that is, 
the transformation of the automobile industry from a growth industry into one 
which has been stagnant since 1955 and gives some evidence of having suffered 
from what may be a semi-permanent shift in consumer preferences. The Fuchs 
technique earns high marks for its ability to make such distinctions more 
noticeable. 

Although an investigator who must handle large volumes of data in ambitious 
projects has every right to choosé his own unit for analysis on the basis of feasi- 
bility and convenience, I remained unconvinced by Fuch’s strictures on states 
versus standard metropolitan areas. A priori, metropolitan areas are indeed more 
meaningful economic units for the analysis of non-agricultural phenomena. There 
are a number of cogent ways in which to explain away the statistical evidence to 
which Fuchs refers, concerning relative rates of growth of portions of SMA’s and 
the states which contain them; this is not the place to examine this point. It seems 
clear, to me at any rate, that the statewide locational factors he cites--state 
taxes, labor legislation, and aids to business--are quite weak relative to intra- 
state differences of all sorts. 





Our investigations in several midwestern states suggest that for many types 
of industrial activity, the prospective new establishment can reasonably choose 
among a fair number of sites in two, three, or four adjacent states. When the final 
decision is made, it typically is a matter of indifference whether the city’s name 
is followed by “‘Ill.,’’ ‘‘Ind.,’’ or ‘‘Ohio,’’ for example. Lest the listeners respond 
by pointing out that this comparison is limited to adjacent states with many in- 
stitutional similarities, I would remind you that firms choose among a limited 
number of feasible locations, not among an unlimited number of widely scattered 
hypothetical locations. 


This is hardly a major point. On another choice of measures--total employ- 
ment, rather than production workers--I heartily concur. This may not be the 
appropriate place for this comment, but for the reasons Fuchs cites, I think it’s 
about time for economists to unite to junk the production worker concept. Do any 
of us really believe that it really took close to two million fewer people to pro- 
duce four per cent more manufactures in October of this year than five years 
earlier? I would doubt it. 


A final note--I am always uncomfortable with comparisons among regions-- 
whether states or urban areas--which use the United States average as the basic 
standard of comparison. This use inthe Fuchs study is not objectionable. But more 
generally there is something that smacks of a normative flavor to this kind of 
comparison; one is reminded of the by-now (I would hope) discredited device of the 
localization coefficient. That is, it is all too easy for the unsophisticated user of 
research results based on U.S. averages to forget that they can be easily be em- 
ployed to submerge the whole notion of comparative advantage and that such re- 
sults themselves say nothing whatever about what ‘‘ought’’ to be. This comment 
is perhaps unfair, since Professor Fuchs’ fine job should not be depreciated in 
any way by the possibility that his contributions could be misconstrued by un- 
worthy secondary users. 
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DISCUSSION PAPER 


Wilbur R. Thompson* 


Empirical studies, such as that in which Professor Fuchs is currently en- 
gaged, seem to entail a never ending series of puzzling choices and he has had 
to make many. And, in general, he defends his choices well. His choice of total 
employment instead of production workers is, in my opinion, unassailable; to 
measure manufacturing development with production workers would be analogous 
to measuring agricultural development by the number of horses on farms. The 
collation of value added by manufacturing with total employment is also well taken. 
Again, his choice of the state as the appropriate areal unit is acceptable because 
of data limitations, as he offers. His further rationale that the state is a public 
policy entity with significant industrial location overtones has a kind of prima 
facie reasonableness to it, although my experience has been that state tax dif- 
ferentials are, at most, a very weak locational force and right-to-work laws are 
still not common. But as a ‘‘natural economic region’’ (in contrast to the standard 
metropolitan area, as a rough labor market), I am not convinced, although I look 
forward to his forthcoming article on this matter. 








We would all agree that by choosing a time period covering a quarter of a 
century ‘‘merely transient or random geographical differentials tend to be mini- 
mized’’ but this alone does not render the years 1929 and 1954 logical choices 
for long-run trend analysis, at least, not automatically just because they delimit 
the longest period for which comparable data is available. And correlating the 
results obtained from this period with the alternative periods 1929-53 and 1929-55 
may meet the objection to using a single (possibly a typical) year as the terminal 
pivot point, but this does not even touch the question of the linearity or even the 
directional consistency of locational trends during that twenty-five year period. 
I do not argue that the choice of this time period is inappropriate, only that its 
validity is not self-evident. 


One other minor reservation I have is that the increase in unemployment 
from 3.6 per cent in 1947 to 5.0 per cent in 1954, while admittedly modest in 
amount, may still have been large enough to exert an appreciable effect on state 
market shares of the various industries. (Incidentally, national manufacturing em- 
ployment in 1954 was less thanthatin 1953 for all but one, printing and publishing, 
of the twenty ‘‘two-digit’’ Census major industry groups -- fourteen of which have 
positive postwar trends -- and was less in 1954 than in 1952 for nine of these 
fourteen; 1954 was clearly a year of manufacturing recession.) But, perhaps, 
moderate national expansion and contraction is spatially symmetrical, that is to 
say, each state prospers or languishes nearly proportionately. However, his rank 
correlation coefficient of .900 for 1947-54 employment growthwith an average for 
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the two periods 1947-53 and 1947-55 is not so high as to be fully reassuring as to 
the typicalness of his chosen two points of time. 


This far, while I may have raised a little dust, I certainly have not ad- 
ministered a mortal blow and maybe not even drawn blood. Which is just as well 
because Professor Fuchs has done a thoroughly competent job. At first blush, it 
would seem that Fuch’s data on manufacturing growth adjusted for industrial 
structure is likely to be of most value. I remember that we rendered what we 
thought was a useful service a few years ago (in the Minnesota Tax Study of 1956) 
by pointing out that Minnesota, while experiencing total employment growth of 
only 23.1 per cent from 1940 to 1950 as compared to the higher national rate of 
25.3 per cent, actually grew faster than its (1940) industrial structure warranted. 
(A Census of Population 120-industry breakdown was used.) This served to suggest 
that the State might not have an ‘‘unfavorable business climate’”’ after all. It never 
occurred to us to use the 1950 industrial structure of the State instead or, better, 
an average of the beginning and ending industry mixes of that State, which Fuchs 
would have us do -= and quite rightly so, it would seem. 








But I am less interested in the index number problems encountered -- they 
seem to be of the common or garden variety, although no less troublesome for all 
of that -- than in the meaning of a relative growth index that is adjusted for the 
local industrial structure. Suppose that those states which have economic en- 
vironments most conducive to industrial development tend to attract the more dy- 
namic (younger) industries or, what is probably even more likely, tend to spawn 
those industries. And this would appear to be a reasonable assumption, consid- 
ering that these states would be, almost by definition, the centers of new ideas 
and versatile skills. Would we be willing to say, then, that these states are 
growing at quite ordinary growth rates, industry mix considered, and that they 
are, by implication, of quite ordinary industrial character and are just lucky to 
possess the ‘‘best’’ industries? Iam not so sure that by removing the influence 
of the local industrial structure we can move directly to some sort of inferences 
about the basic industrial propensity, vigor or potential of a region, which is, 
I presume, what the adjusted data are supposed to reflect. That Henry Ford 
lived in Michigan was luck, that the electronics industry is clustering around 
Boston may be a just desert. 


It would be hard to either dispute or ignore Professor Isard’s clarion call to 
broaden the horizon of locational analysis. Since ‘‘agglomeration economies’”’ run 
the gamut from technology (pig iron to steel without heat loss) through the market 
place (automobile parts suppliers within ‘‘walking distance’”’ of automobile plants) 
to the social structure itself (Chicago as a center of technology and skills), his 
disciples must be engineers, economists and, (courage) social scientists, as the 
partial equilibrium analysis of the petroleum industry flows naturally into questions 
of entrepreneurial attitudes, savings habits, workers attitudes and industrial 
culture. 

The heroism aside, what particularly intrigues me is that in ‘‘industrial 
complex analysis’ we may have a serviceable device with which to achieve a new 
industrial aggregation oriented toward regional analysis. Now, 1 sometimes get the 
impression from regional analysts that aggregation is a cardinal sin and that one 
does penance through endless disaggregation. And salvation lies in embracing the 
Census ‘‘four-digit’’ industrial classification. To be sure, the ‘‘two-digit’’ major 
industry groups are so broad as frequently to obscure important functional re- 
lationships by averaging heterogenous and often unrelated ‘‘industries’’. But very 
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narrow industrial classifications are a bother, expensive to handle and often un- 
rewarding per se. While the industrial consultant may be most often interested in 
some narrowly-defined ‘‘industry,’’ the economist is more likely to find the 
answers to critical questions of public policy in the analysis of broader industry 
groups. Moreover, public utilities, retail trade and other local service industries 
would tend to have similar broad orientation. (Surely, no state would formulate tax 
policy on the basis of the information that state's taxes were driving the men’s, 
steel-toed, rubber-soled, work shoe industry out of the area.) This is, of course, 
not to defend the present two-digit industry group nor to deny that through analysis 
of the parts we may learn more about how the whole behaves. 


The point to be made, however, is that industrial disaggregation should be 
less an end in itself and more the means for re-aggregation. Beginning with tra- 
ditional industry classes conceived in product substitutability and dedicated to 
market concentration propositions, we might dissemble and reassemble to create 
a new set’of major industry groups conceived in product or factor complementarity 
and dedicated to locational interdependency propositions. From the taxonomy of 
competition to taxonomy of spatial linkage. ‘‘Industry complex analysis’’ could 
supply the theoretical framework in which to re-classify industry data and through 
which to seek patterns and causes of regional economic development. If, for in- 
stance, certain kinds of fabricated metal products, machinery and instrument 
operations give evidence of being locationally associated (through, say, cross- 
section correlation analysis), then it would probably be much more meaningful to 
correlate, say, employment growth, in this industrial complex with interstate 
differentials in wage rates, unionization, educational levels and tax rates, than it 
would be to use the Census major industry group encompassing all fabricated metal 
products (as this writer has already done). Regional planners could make ex- 
cellent use of industrial-complex-classified data; all of this, of course, assumes 
that there are industrial complexes which can be isolated. 


Let me add, in passing, that industries may also repel each other. To il- 
lustrate, while the employment growth by states (1947-54) of nearly all two-digit 
durable good industries are highly correlated with eachother, the leather, textile, 
rubber and tobacco manufacturing industries exhibit postwar employment growth 
trends which are negatively correlated (significantly at the .05 level) with the 
various durable goods industries, about as often as not. The first inference to 
come to mind here is that this divergence of spatial growth patterns expresses a 
condition of labor market incompatibility, with the low-wage non-durables fleeing 
the dominating wage competition of the durables. 








MIGRATION, REAL 
INCOME AND 
INFORMATION! 


Phillip Nelson* 


1. INTRODUCTION 


In the past, behavioral models of migration have focused exclusively on an 
individual maximizing the money gains of movement. For some bodies of data the 
obvious implications of this theory find little support. Take migration between 
states from 1935-40 and 1949-50 for example. For both periods migration was 
not significantly correlated with either income or unemployment differences; the 
largest correlation of the lot was a glorious .077. 


But there are other implications of the money income model, The further 
one moves, the greater the transportation cost. Hence there should be an inverse 
relationship between distance and migration. Similarly the money income hypoth- 
esis predicts a positive relationship between migration and measures of indus- 
trial similarity. On the average a migrant’s efficiency — and hence his wage — 
is greater in his present industry thaninalternative industries. Hence his income 
can be maximized by moving to areas where he can work at his old job. 


Both these relationships predicted from the money income model work very 
well, The trouble indeed is that they work too well. The correlation between 1935- 
40 migration and distance is -.568; the migration correlation of one measure of 
industrial similarity is .638. These relationships are only partially explicable by 
individuals maximizing money income. For example, transportation costs play 
only a minor role in explaining the relationship between migration and distance. 
If transportation costs were the only force determining the distance distribution 
of migration, differences in the present value of the income streams of long and 





*The author is a member of the Department of Economics of Columbia University. 


lThis article has profited greatly from the criticism of George Stigler and Gary 
Becker. It is based in part on my unpublished dissertation A Study in the Geo- 
graphic Mobility of Labor (Columbia 1957) which contains a much more detailed 
description of the statistical procedures employed, 
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short distance migrants should be equal to the difference in the transportation 
costs they have incurred. Migrants who moved from Harrison Co., West Virginia 
to the rest of the state between 1953 and 1955 increased their annual income by 
$456; those who moved out of state increased their annual income by $1024.2 An 
upper limit estimate of the average transportation cost of an interstate migrant 
from West Virginia, his family and his belongings in 1954 is $1703, less than one- 
third of the first year’s relative returnof $568 from the longer distance migration.4 


The outstanding attribute of the money income hypothesis is that it has 
unambiguous empirical implications. Obviously it is not a completely exhaustive 
model, i.e. it is not tautological. There are other components of real income 
besides money income, and the individual maximizes income subject to an in- 
formation constraint. (To take advantage of an opportunity a migrant must be 
aware of its existence.) 


But such generalizations by themselves say nothing. Unless we can specify 
properties of the real income people try to maximize or the information upon 
which they base their decisions, our generalizations are void of empirical con- 
tent. Probably this has been the reason for the undisputed sway of the money 
income hypothesis. In spite of its less than spectacular success, what else can be 
said that says something? 


In answer to that query, here are two hypotheses with empirical implica- 
tions. (1) People prefer to live near present relatives and friends. (2) The distri- 
bution of information is important in determining the distribution of migration. 


Since the first hypothesis is essentially a ‘‘taste’’ hypothesis its a priori 
defense is intuitive. Most people would agree that it is quite likely that other 
people have a “‘taste’’ for relatives and friends (ignoring the contrary behavior 
of certain cannibals whom I will not mention). 





A justification prior to an examination of the main body of migration data 
can be given the second hypothesis. Details of the argument can be found in 
Appendix I, Its crux is that information will be important in determining migra- 
tion if it is ‘‘sufficiently’’ scarce, and we expect it to be that scarce. 


Migration data are available in the following form: State of residence in 
1935 by state of residence in 1940, and state of residence in 1949 by state of 
residence in 1950. Unfortunately there is no similar information on information 
or relatives and friends. In consequence the approach to our assumed relation- 
ships must be devious and indirect. 


One or the other of these hypotheses is necessary to predict the major 
characteristics of migration patterns (in conjunction with the money income 
hypothesis). But our indirection has its price, for most of the implications that 





2v incent Gegan and Samuel Thompson, ‘‘Worker Mobility in a Labor Surplus 
Area’’, Monthly Labor Review, December 1957. 





3This is the estimated cost of moving an average size family and their belongings 
from Harrison County, West Virginia to the center of population of the U.S. The 
family is assumed to go by rail, the belongings by truck. 


4In Section 6, I show that the relationship between migration and industrial 
similarity cannot be explained solely in terms of money income maximization. 


NELSON: MIGRATION, REAL INCOME AND INFORMATION 45 





we were able to test of our two hypotheses are the same. Over half the labor 
market information distributed at a distance is distributed by relatives and 
friends.” For the most part we are unable to distinguish in our tests between the 
real income and the information role of relatives and friends. 


2. MIGRATION RATES 


It has become standard procedure to use as the measure of migration the 
Ma—B 
PaPp 
population of A; and Pg = population of B. The migration rate is the measure of 
migration used in this study. 


migration rate: where Ma-—p= gross migration from A to B; Pa = 


In spite of its frequent use, the rationale behind the migration rate has never 
been stated, probably because a defense of the migration rate cannot be made in 
terms of the behavioral assumptions employed by most students of migration. 
The purpose of the migration rate is to eliminate the effect of variation in popu- 
lation so that the relationship between migration and other variables can be seen 
more clearly. In order for the migration rate to achieve this purpose the relation- 
ship between migration and population must take a particular form: migration 
must be directly proportional to both destination and origin populations. This 
relationship requires defense. 


There are two sources of variation in population by states: variation in 
state area and variation in population density. We expect migration to increase 
in direct proportion to increase in both origin and destination areas. The state — 
the unit of our analysis — is an arbitrary unit as far as population movement is 
concerned, Labor markets are independent of state boundaries. Hence increasing 
the area of a state does not increase the size of the labor markets within the 
state; it only increases their number. Whatever the relationship of migration to 
the size of the labor market, migration toa state ought to be directly proportional 
to the number of labor markets in the state (holding the average size constant). 
In consequence doubling the area of the state should double the migration in both 
directions between that state and another state. 


The real problem with the migration rate is the relationship between migra- 
tion and population density. Empirically such a relationship exists, For 1935-40 
a 1% increase in population density led to a .862% increase in inmigration density 
(total inmigration to a state divided by the number of square miles in the state); 
it has a .826% effect on outmigration density. Since both regression coefficients 
are significantly less than one, migration is not directly proportional to the 
density of either origin or destination population. The use of the migration rate 
does not eliminate all of the effects of population variation on migration; but it 
does eliminate most of these effects. 





5Kerr finds that of the migrants to the Seattle war plants between January 1940 
and February 1942 between 34 and 53% received the information on the basis of 
which they moved from relatives and friends (Kerr, Migration to the Seattle 
Labor Market 1940-42, p. 157). We expect relatives and friends to be even more 
important under normal circumstances. Intensive recruitment activity for the 
Seattle war plants by government and private agencies occurred through this 
period. These competing sources of information would not be as important 
ordinarily. For example 30% of the migrants to Government shipyards got their 
joh news through the Post Office. 
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But these empirical relations do not tell us why migration rates almost 
work, A simple probability model provides part of the answer. People in an area 
vary in the characteristics that tend to produce migration. If this variation is 
independent of the population density of an area, migration density should be 
directly proportional to origin population density (where migration density = 


Ma—B » R being the number of square miles). 
Ra Rp 


Similar considerations do not imply that migration density will be directly 
proportional to destination population density. Take the case of a homogeneous 
labor force trying to maximize money income with local labor markets that are 
perfectly competitive. The potential migrant need know only the wage in the mar- 
ket before determining whether he ought to migrate or not. Population density 
could affect his decision to migrate only if it affected the area’s wage. 


As soon as we remove the assumptions of the previous paragraph, destina- 
tion population density can play a larger role in determining migration. For ex- 
ample, there are some characteristics of a job that the migrant values differ- 
ently than other people — and these he will be able to find more easily in the 
highly dense area. When people differ in tastes (or in skills), a proportional 
increase in the number of alternatives and the number of people choosing these 
alternatives is expected to leave any given individual better off. So there are 
some advantages of size, 


There can, of course, be disadvantages of size as well. Conceivably people 
have a desire for wide-open spaces — a desire that is not easily fulfilled in 
highly dense areas. Say that the total effect of the advantages and disadvantages 
of size produced the following relation of migration density to destination popula- 
tion density 


y 
Ma—p = Pau 


(where u is a variable uncorrelated with Pp and y <1. Both the migration and the 
population variables are density variables as they are in the other equations of 
this section.) 


These advantages (or disadvantages) of size will also affect the relation of 
migration density to the density of origin population, Advantages of size encourage 
people in areas with a large population to stay there as well as encouraging people 
to come. If the advantages and disadvantages of size affect in and out migration 
in the same way, we expect the following relation between migration density and 
population densities: 


6 - pil-y) py 
(2.1) Map = Py ?’PRu 


This model is obviously inadequate in explaining the actual relation between 
migration density and population densities. For from the findings on migration 
and population density reported above, we have: 


- p-862 ,.826 
(2.2) Ma-p - P*, PR u 





6Population equilibrium occurs in this simple model only if y = .5. Otherwise the 
more highly dense areas would either be continuously losing or gaining popula- 
tion. If other factors did not make y = .5, population equilibrium could come about 
by wage and unemployment differentials developing between the more highly dense 
and less highly dense areas. 
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But how may we choose a value of y to make equation (2.1) consistent with the 
actual empirical relationship of migration density and the density of origin popu- 
lation? Such a value cannot be chosen. 


To explain equation (2.2) we need a theory which predicts that migration 
will be related to origin and destination population densities by something greater 
than a linear homogeneous function. A simple information model makes this pre- 
diction. Assume that the amount of labor market information going out from an 
area is directly proportional to the number of jobs in the area and the amount of 
labor market information coming into an area is directly proportional to the 
number of people in the area, This is equivalent to assuming that the probability 
of news of a given job going out from an area is independent of the number of jobs 
in the area and the probability of a person in a given area hearing about a distant 
job is independent of the population density of his area. For simplicity, assume 
further that there are no advantages of size. Under these conditions, as will be 
discussed below, migration density will be directly proportional to destination and 
origin population densities if information is sufficiently scarce, 


Take the case in which information is so scarce that nobody will have more 
than one piece of job news from a single area after information is doubled, Then 
doubling the population density of an area will double the number of people in 
other areas hearing about jobs from that area. If the favorable or unfavorable 
character of the news is independent of population density, twice as many people 
with information will migrate to the area with twice the population density, Since 
virtually everybody requires information before moving,‘ migration to the area 
will be doubled by this doubling of population density. Similarly migration will be 
directly proportional to origin population density.® 


As people begin to get more than one piece of information per state, the 
distribution of information becomes less important in determining the distribu- 
tion of migration. When information is sufficiently abundant equation (2.1) again 
provides a guide to the relationship of migration to population, The actual rela- 
tion between migration and population densities — so different from that predicted 
by equation (2.1) — suggests that information will be important in determining the 
distribution of migration. 





7See Appendix I where this problem is discussed in greater detail. 


8More generally (allowing y in equation (1.1) to be any value) the predicted 
relationship becomes 


(2,3) Ma-p* Pat”) ppt My 
Equation (2.3) refers to the special case in which information is so scarce that 


the information elasticity of migration is 1, just as equation (1.1) assumes that 
information is so abundant that the information elasticity of migration is 0. 


9The general relationship for all possible elasticities is 


(2.4) Map = Pall" Mpae+  y 
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There are testable implications of this position. According to our analysis 
the scarcer the information, the greater the effect of destination population density 
on migration. We know that information is scarcer at long distances than short 
distances (see Section 5). Hence destination population density will have a greater 
effect on long-distance than short-distance migration. In consequence the ratio of 
long to short distance migration to an area will increase with the area’s popula- 
tion density. And so it does. 


Urban areas are more densely populated than rural non-farm areas. For 
1935-40 migration to urban areas the ratio of migration between non-contiguous 
states to migration within states was .53; this ratio for migration to rural non- 
farm areas was .27. This striking difference in the ratio of long to short distance 
migration by destination population density persists when other city-size cate- 
gories are used and for migration by occupational groups.! 


3. THE LOGARITHM OF MIGRATION 


Another implication of the information hypothesis concerns the form of the 
relationship of migration to other variables. The relation between information 
and other independent variables will be multiplicative. One must have informa- 
tion and a good job opportunity, not information or a good job opportunity, before 
moving. No increase in the amount of information will increase an individual 
migrant’s inclination to move as long as that news only informs him of job 
prospects worse than his present situation, Similarly magnificent opportunities 
will be irrelevant ina potential migrant’s decisions if he does not know about them. 





9 (cont.) 
where e =the information elasticity of migration. The actual relation between 
migration and population densities of equation (2.2) allows us to estimate both 
y and e, 


138 
.688 


y 
e 


It must be remembered, however, that equations (2.3) and (2.4) depend upon the 
assumption that the amount of information between two places is directly propor- 
tional to both origin and destination population densities. Changes in this assump- 
tion will affect our estimates of both y and e. 


107, equation (1.4) variations in the information elasticity of migration do not 
affect the relationship between migration and the density of origin population. 
Hence the information hypothesis does not predict that origin population density 
will have a greater effect on long-distance than short-distance migration. But 
origin population density does have this greater effect. For 1935-40 migration 
from urban areas the ratio of migration between non-contiguous states to migra- 
tion within states was .45; this ratio for migration from rural non-farm areas 
was .31, Clearly our simple informational model does not explain the totality of 
the behavior of population density and migration, That there is a greater dis- 
crepancy in the ratios of long to short-distance migration by destination popula- 
tion density than by origin population density may, however, be considered some 
sort of victory for the information hypothesis. 
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A dependent variable as a product of independent variables tends to generate 
a logarithmically normal distribution, just as a dependent variable as a sum of 
independent variables tends to produce an arithmetically normal distribution. In 
order for the data to be consistent with our hypothesis we would expect our de- 
pendent variable to have a distribution more closely resembling a logarithmically 
normal than a normal distribution. And such is the case. We have worked with 
migration rates in both directions for 50 random pairs of states for the years 
1935-40 and 1949-50. The arithmetic distribution of migration rates for each of 
these two periods are dramatically L-shaped. Their logarithmic distributions 
still have a good deal of positive skewness, but are at least vaguely bell-shaped. 
There is no doubt that the distribution of migration rates more closely corres- 
ponds to the log normal than the normal distribution. 


Now obviously. all kinds of hypotheses are consistent with the actual charac- 
ter of the distribution of migration rates. But this is a test that the information 
hypothesis could have failed. In consequence its passing has some significance. 
In addition this implication of the information hypothesis requires us to use log 
migration as the form of our dependent variable in all our subsequent statistical 
analyses. 


A priori there is no overwhelming reason why an additive or multiplicative 
relation should be appropriate between real income by way of relatives and friends 
and money income. In light of the behavior of the migration distribution we shall 
hereafter assume that the income role of relatives and friends has a multiplica- 
tive relation to all other independent variables determining migration, 


4, THE RELATIVES AND FRIENDS MULTIPLIER 


Relatives and friends play a particularly crucial role in our analysis since 
they have both an information and a real income function, Their behavior should 
have a significant. impact on the behavior of migration if our hypotheses are valid. 
The best way we have to observe the operation of relatives and friends is to 
examine its impact on the relationship of migration to the independent variables 
we can measure. If relatives and friends are as crucial as we contend, their 
impact on the behavior of migration ought to be observable in this direct way — 
unless, of course, they were randomly distributed with respect to our explicit 
independent variables. 


But the number of relations between people in A and B is an increasing 
function of previous migration from A to B and from B to A, Since the distribu- 
tion of relatives and friends is a function of past migration, it is a function of all 
the variables which helped to determine past migration, 


The calculated regression coefficient, then, between migration and most 
variables will overstate the true direct relationship (given the amount of infor- 
mation in the system) between these variables and migration, for in addition to 
this direct relationship, these variables affect migration indirectly through their 
past effect on the distribution of relatives and friends. The calculated regression 
coefficients between migration and some variables will be multiplied through the 
operation of relatives and friends.11 





1lThis can be seen symbolically in the simplest case. Call MAB: migration; 
Ra~—p, the number of relations that people in A have in B; t, time subscripts; 
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The ‘‘relatives and friends multiplier’’ will not have the same effect on all 
calculated coefficients. There will be no multiplier effect at all for one important 
class of variables: income and unemployment differences. ‘‘Relatives and friends’’ 
is a reciprocal relationship. People in B have a certain number of relatives and 
friends in A. If we count the number of such relationships, rather than the num- 
ber of people related, people in A will have the same number of relatives and 
friends in B. Or 


12 
Ra—p = Rp—a 


“twhere Ra—p = the number of relations that people in A have in B). 


For all state pairs place Ra, in one group and Rp—, in another. Suppose 
log Ra~p is positively correlated with income difference (log Yp - log Ya) with 
a coefficient of r. Since log Rp—, equals log Rap; it too must be positively 
correlated with (log Yp- log Y,) by the same amount, This implies that log 
Rp—a is negatively correlated with (log Ya - log Yp) by -r. Combjne the two 
groups. Then the correlation of log Rga~,a for all permutations of A and B must 
be equal to 0. Whatever value r might take, r and -r cancel out. In consequence 
there is no correlation between the number of relatives and friends and income 
(or unemployment) differences. 





11 (cont. ) 
X, an independent variable; dt, the regression coefficient of X, with X(n-t) and 
random errors, If 


log Ma—B; = c log X + b log Ra—pBt 
and log Ra~p, = 4 log N,_ 
t A B t-1) 
then log Ma~p,, = ¢ (log Xp + ba log Xp-1 + ...-+ b® a® log Xo) 


log MA~B,, = ¢ log Xp (1 + bady +.....+ b™ a dy) 
If dt = di, then ; 
log Ma — = —_—_—_— 
og Ma-p, i-bad, c log X, 


nee 


Since b, a, and d are all positive, the effect of relatives and friends is to increase 
the regression coefficient between Ma—p and X. 


12There will be one difference between Ra—p and Rp~—a,. Suppose the major 
migration stream is from A to B rather than from B to A. Then A’s relations in 
B will consist of more migrants than B’s relations in A. Migrants could be more 
or less prone to distribute information to non-migrants than non-migrants to 
migrants. On the one hand migrants will tend at least mildly to be in areas with 
better economic opportunities. On the other hand non-migrants are on the average 
older and have more seniority in their job and hence would be privy to more job 
information. Our equation assumes that migrants and non-migrants distribute 
the same amount of job information. Some support to the approximate validity of 
this equation is given by a high cross-migration correlation. The correlation 








———EE 
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There are two other classes of variables which can be distinguished by 
their differential response to the relatives and friends multiplier. For some of 
our variables the measure related to Map is uncorrelated with the measure 
related to Mp~—a. All characteristics of states are in this class. Our sample 
consists of 50 random pairs of states. In consequence any characteristic of one 
state is uncorrelated with this characteristic for the other state in the pair, For 
example, destination income in the case of Ma~—p is YR» which is uncorrelated 
with Y,, destination income in the case of Mp—,. 


For other variables the measure related to M is the same as the 
measure related to M —, (the case of a cross corrélation of 1). Distance is 
such a variable, since the distance between two states does not vary with the 
direction of migration. 


The multiplier will be greater for variables with a cross correlation of 1. 
Ra~p increases with increases in both Ma-p and Mp~y. For variables with a 
cross correlation of 1, Ma+~p and Mp~-a both operate to increase the relation 
of Ra—p to the variable. For variables with a cross — ‘lation of 0 only M, -B 
has any effect on the relation of R, _ -p to the variable. 

In summary the relatives and friends multiplier is greatest for variables 
with a “‘cross’’ correlation of 1, relatively smaller for state characteristic 
variables, and non-existent for difference variables, Since the multiplier biases 
our computed regression coefficients in an upward direction, we expect the fol- 
lowing correlations if the multiplier is important enough. Low correlations for 
difference variables, relatively higher correlations for state characteristics, and 
the highest correlation results of all for the variables whose ‘‘cross’’ correla- 
tion is +1. And this is exactly what happens. 





> re 

(Cont’d) 
between the logarithm of migration rates from A to B and the logarithm of 
migration rates from B to A was .92 for 1949-50 migration and .88 for 1935-40 
migration. 


— is a function of both My, and Mp_, approximated by 


Now, say that Map =b X+ uy (where X is the independent variable under con- 
sideration and uj is a random variable). We can distinguish our two cases in the 
text by the relationship of Mp—, to X: 


(1) Where the cross correlation is 0 — the state characteristic case — 
(a) Mp-a = J 
i.e. Mp—a is uncorrelated with X 

(2) Where the cross correlation is 1 — the distance case — 
(b) Mpia = bX + Ug 


Equation (4.1) becomes for the two cases 
(4.2a) Ra—p > f (bX + uy + J), and 


(4.2b) Ra~+p = f(2bX + uy + ug) 
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Look at Table 1. The probability that the perfect relationship exhibited 
therein could occur by chance is 1/560.1 
TABLE 1 
CORRELATIONS OF MIGRATION 1935-40 
WITH RELATED VARIABLES 








VALUES OF CORRELATION WITH!) | 
VARIABLE!4 ‘“CROSS-CORRE LATION”’ LOG MIGRATION 
Log D +1 - .568 
Log Ig +1 -557 
Log Ip +1 -638 
Uo 0 - .205 
Log Y9 0 .139 
Ny 0 6295 ° 
Ug- U, =] - 077 
Log Yo ~ Log Y; =% .074 




















13 (cont.) . 

A calculated regression coefficient relating Rap to X will be greater in the 
latter case. This is obviously so when equation (4.1) can be written as a linear 
function: 


(4.1)' Ra~—p = Z(Ma~p + Mp—a) 


Our two cases become 
(4.2a)' Ra—p = ZbX + zuy + zd 
(4.2b)' Rvp = 2zbX + zuy + zug 


Since 2z >z, relatives and friends have the greater relationship to the independent 
variable when that variable has a cross-correlation of 1. But the linear assump- 
tion is not required for this result. Similar results can be obtained — but with 
more complexity.— when a function linear in logarithms is used. 


14 = Distance; I, = the first measure of industrial similarity; I, = the second 
measure of industrial similarity; U = unemployment; Y = income; Subscript 1 
represents origin area; subscript 2 represents destination area; N = percent of 
U.S. natives residing in a state but born outside that state. 


15 5% level of significance = .212. 


16 Now, obviously we did not choose our independent variables at random (though 


some of our correlation results might suggest this process). But the desire to 
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5. DISTANCE 


Previously we found that transportation cost is an insufficient explanation 
of the differential in income gains between long distance and short distance mi- 
grants, Relatives and friends as reai income make sense out of this phenomenon, 
Those who move a greater distance are further away from relatives and friends 
at home; in consequence they demand greater compensation net of transportation 
cost for the longer trip. 


If the average income level of destination states were the same as that of 
the origin state, lack of information would not tend to produce greater income 
gains for interstate than intrastate migrants. However data is available only for 
migrants from Harrison County, West Virginia. Per capita ir-~me in West Vir- 
ginia is considerably less than in surrounding states. Th. . 68 income gain of 
interstate relative to intrastate migrants is about the same order of magnitude 
as the per capita income difference in 1954 between West Virginia and Ohio. The 





16 (cont.) 
select crucial variables motivated our choice of all our measures irrespective of 
their cross correlations. 


One other objection to this test can be offered. Since the first and the second 
measures of industrial similarity are attempts to measure the same force, it is 
possible to contend that both should not be used in this test. Though there is sur- 
prisingly little correlation between the two (.331), eliminate one or the other. The 
probability that this new ordering could be attributable to chance is now 1/210. 


The general problem of inter-dependence of our independent variables can 
be handled both by noting that the correlations between these variables are gen- 
erally small and by examining the multiple-regression equation on the logarithm 
of migration. 


log M = 1.958 log I, + 3.270 log Ih - 1.71 log D + .8307 log Y2 
(.363) (.431) (1.44) (.3792) 


- 0372 Up + .0081 N, - 16.590 
1% 1% 


(.0108) (.00228) 
1% 1% 


(The standard errors of the regression coefficients are in parentheses. The 
abbreviations have the same meaning as in Table 1. The corrected multiple 
correlation coefficient for this equation equals .90) 

Among the variables which are significant the ratio of regression coefficients to 
their standard error follow the same order as in Table 1. The two insignificant 
variables — which, hence, do not appear in this equation — are the variables with 
a ‘‘cross-correlation”’ of -1. 
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information hypothesis would explain this differential in the former by the dif- 
ferential in the latter, i.e. that many intrastate migrants were unaware of the 
better job opportunities elsewhere,.17 


There are other systematic patterns in the relation of distance to migration 
that require explanation. ‘‘Reasonable’’ specifications of the behavior of the real 
income role of relatives and friends and information provide the required rationale. 


First examine the variation in the distance elasticity of migration by occu- 
pation, If there is any variation in attachment to relatives and friends by occupa- 
tion, the real income hypothesis predicts that there will be less migration for 
those occupations in which this attachment is the greatest. At the same time 
those occupations that get the greatest real income benefits from relatives and 
. "friends will move the shortest distance. Hence there should be a negative rela- 
tion between migration rates by occupation and distance elasticity (measured 
absolutely) by occupation. 


The same prediction arises out of the information hypothesis if the distance 
elasticity of migration decreases with increases in information. We expect this 
condition to be satisfied, since (as we see in Appendix J) the elasticity of migra- 
tion with respect to information+® decreases with increases in information. In 
consequence, information’s contribution to the distance elasticity of migration is 
reduced, reducing the elasticity itself.19 Hence those occupations with the 
greatest migration rate (evidence of greater information) must also have the least 
elastic distribution of migration, 





17The data as presented do not distinguish between the real income and the in- 
. formation hypothesis. What makes an analysis of the income gains of migrants by 
distance moved potentially so exciting, however, is that it has the power to make 
this distinction. An implication of the real income hypothesis, whether informa- 
tion is scarce or not and whatever the average incomes of the destination areas 
is that the income gains of long distance migrants net of transportation costs will 
‘be greater than the income gains of short distance migrants. The information 
hypothesis predicts that the proportion of short-distance migrants to destination 
population will be greater than the proportion of long-distance migrants to desti- 
nation population for all money income gain classes, i.e. even for money income 
gains from migration sufficient to compensate for the real income loss of moving 
a long distance, there will be more short distance migrants because there is 
more short distance information. 


18This concept requires special definition because information varies in quality 
as well as quantity. The information elasticity of migration is defined as the 
percentage change in migration as the result of a 1% increase in the amount of 
information of every quality. 


19This statement ignores the effect of increases in information on migratory 
propensities (the average probability of moving from B to A on the basis of one 
piece of information about B). That this effect does not invalidate the proposition 
is to be shown in Appendix II, 
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This expectation is confirmed. The rank correlation between percent mi- 
grating in an occupation and the percent of those migrants who come from non- 
contiguous states to their destination was .774 forthe U.S. and .830 for California 
in spite of the quite different ranking of occupations by both variables in the two 
cases. Both are significant at the 5% level. In addition the rank correlation be- 
tween the ratios of California to U.S. for the two variables is .531 — not quite 
significant at the 5% level. 


These results seem much more satisfactorily explained by the information 
hypothesis than the real income hypothesis. There is no particular reason for 
the taste for relatives and friends by occupation in originating areas to differ so 
markedly for migrants to California and the rest of the United States. (See Table 
2 in Appendix I.) In consequence it is hard for the real income hypothesis to 
explain both the U.S. and the California results. The information hypothesis 
explains the difference in the U.S. and California behavior by occupation in terms 
of the relative potency of two different kinds of information in the two cases (see 
Appendix I). 





The information hypothesis also predicts a higher distance elasticity of 
migration during depression than during prosperity, since more information is 
distributed in the latter period. (As we previously saw the scarcer the informa- 
tion, the greater the distance elasticity of migration.) The real income hypothesis 
leads to this prediction also if present relatives and friends are an “‘inferior’’ 
good, i.e. if those with low income depend more on present relatives and friends 
than others. The rationale behind such a specification is that relatives can serve 
as an income substitute. The family has always been a miniature social security 
system. In addition, when the whole familial group is hard-up, they can double 
up; grandparents, uncles and aunts crowd together to save rent. 


This specification of the negative relationship between money income and 
the real income role of relatives and friends leads to other predictions which are 
consistent with the behavior of migration (See Section 7). However it clearly pro- 
duces further difficulties with the real income interpretation of the occupational 
distribution of migration, since no negative relationship between occupational 
income and occupational migration rates emerge. 


British migration statistics show a significant increase in the distance 
elasticity of migration with depression as predicted. The ratio of long to short 
distance migration for a depression period (1931-6) was .9; for a prosperity 
period (1925-31) it was 1.4.29 


6. INDUSTRIAL SIMILARITY 


Our procedure for measuring the effect of industrial patterns on migration 
rates is to first divide the labor force into K industrial groups. We then work 
with migration rates which are specific to an industry by assuming that the best 
estimate of migration of those in industry i and in area A to industry j in area 
B (M4 j—p}) is equal to 








20Makower, Marshak, and Robinson, op.cit., p. 76 
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where Laj. equals the labor force in industry i of area A and mj—j equals the 
national average migration rate of those who move from industry i in one area to 
industry j in another area. Then total migration from A to B equals 


(6.2)21 ZA ZB » > > mj—j Lai Lpj 
,. 4 
and the migration rate from A to B equals 


(6.3) 2) i j i ai “Bj 





We do not have the data necessary to construct this measure. Instead we con- 
struct three variants which require less information (see Appendix II]. 


Our hypotheses are particularly crucial in explaining the observed relation- 
ship between industrial similarity and migration. Look at (6.1) 


This is not the relationship between migration and industrial structure that would 
be produced by individuals simply maximizing money income. 


The assumptions involved in (6.1) are analogous to the assumptions involved 
in the use of the migration rate as the measure of our dependent variable (See 
Section 2). By precisely the same reasoning that led us to equation (2.1) models 
sans information produce the following expected relationship between pee 
and the industrial structure. 





1 - 
(6.4) mj; ia”? Lp; 
Transform equation (6.3) to logs. 
~j Lai Lp; 
J 
(6.5) log Map = log > ae 
La lp 


If the assumptions that went into the construction of the measures of indus- 
trial similarity are correct (reflected in equation 6.5), we expect the slope of the 
direct relationship between migration and industrial similarity to be 1. But 
without the impact of information and relatives and friends, we expect this slope 
to be less than 1, since migration has less relationship to industrial similarity 
in equation (6.4) than it has in equation (6.5). But if the relatives and friends 
multiplier is important, any observed regression coefficient between migration 
and industrial similarity should be greater than the predicted direct relation 
between migration and industrial similarity. The observed regression coeffi- 
cients are significantly greater than 1 for all three measures of industrial simi- 
larity. They are 1.96, 3.27, and 10.36 for the first, second, and third measures 
respectively. 





21 Where Za = ratio of population to labor force in A times a constant. 
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7, THE CHARACTER OF INFORMATION AND MIGRATION 


Relatives and friends are the most important source of job information at a 
distance only because they are the mostimportant source of job information in the 
local labor market, for they are not very efficient carriers of information to 
distant places. We expect the distance elasticity of information distributed by 
relatives and friends to be greater than the average distance elasticity of infor- 
mation. 


First there is evidence on this point. The highly localized character of the 
relatives and friends network is one of the advantages that employers cite in using 
it as a hiring device. 


Second the simplest model of the information role of relatives and friends 
produces this result. Think of the distribution of relatives and friends at a distance 
as determined solely. by past migration. Then relatives and friends have the same 
distribution as past migration. But the information they supply will have a greater 
distance elasticity than either, for information will be distributed primarily be- 
tween the relatives and friends who maintain frequent contact with each other. 
Given the distribution of relatives andfriends, the relatives and friends who main- 
tain contact with each other and the frequency of that contact is an inverse function 
of distance. In addition migrant response to that information will be inversely 
related to distance. In consequence the distance elasticity of migration on the basis 
of knowledge supplied by relatives and friends must be greater than the distance 
elasticity of past migration. Since there is no evidence of secular increase in the 
distance elasticity of migration, information distributed by relatives and friends 
has a greater distance elasticity than the average for labor market information as 
a whole. 


The information hypothesis, therefore, predicts that the greater the role of 
relatives and friends in distributing information the greater the distance elasticity 
and the smaller the volume of the resulting migration. 


If information about jobs remains informal information, only relatives and 
friends can act as its distributors atadistance. When employers engage in formal 
recruiting anybody who reads the appropriate newspaper will have access to the 
information. Since formal information need not depend on the highly localized 
operation of relatives and friends, we would expect a greater volume of migration 
to take place the greater the ratio of formal to informal information. 


The higher the ratio of accessions to total employment, the more employers 
must engage in formal recruiting because their own employees will not be able to 
fill all the vacancies satisfactorily by their contacts. We would therefore expect 
new firms to be particularly active in formal recruiting. 


There should be a relationship between the ratio of new business activity to 
old in destination states and migration rates between state pairs. We find a cor- 
relation of .36 between 1949-50 migration rates and the percent of new firms in 
1949 divided by the number of old firms in destination states in 1949. 





22 edward Noland and E. W. Bakke, Workers Wanted, New York: Harper, 1949, p.110 
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Conceivably this relationship could be explained by migration acting as the 
independent variable. But in that case the appropriate dependent variable would be 
the percentage net change in the number of firms in 1950. There is virtually no 
linear relationship between this variable and the percent of new firms in 1949 
(r = .21). Hence the observed relationship cannot be explained by migration as the 
independent variable. 





The relationship between new firms and migration should also result ina 
larger percentage of migrants working in new firms than in old. This is what 
Gladys Palmer found. The percent of workers with less than ten years residence 
in Philadelphia in 1936 was higher ina relatively new industry--Radio (9.5%)--than 
in an older industry--Textiles {full fashion hosiery knitters and helpers 4.9%; 
weavers and loom fixers, 5.3%). 2 


Part of this difference in percentage of migrants in new and old firms is 
explicable by a simple probability model. A higher percentage of the vacancies in 
new firms have been exposed to those with less than ten years residence in the 
city. In 1913-14 and 1917-18--the only periods for which I have been able to find 
this information--32.9 and 27.8 percent of the workers had five years or more of 
service with the firm.24 Roughly, then, 70% of the jobs in the old industry were 
exposed to the average migrant with less than ten years residence in the city. 
Hence between 7.0 and 7.6% of the vacancies to which they were exposed were 
filled by migrants in textiles, considerably less than the 9.5% of migrants fo all 
workers in radio. In consequence the information hypothesis is still required to 
explain the relationship. 


8, INCOME AND UNEMPLOYMENT 


Perhaps the single most interesting statistical result of our study is the 
finding that there is no significant relationship between migration and income and 
unemployment differences. The only significant relations between migration and 
income and unemployment occur when these latter are destination variables and 
even in these cases the correlations are low (See Table 2 in Appendix I). 


The relatives and friends multiplier helps predict these results as we saw in 
section 4. This multiplier implies that there will be a tendency for state charac- 
teristic variables to have a higher correlation with migration than difference 
variables, since the distribution of relatives and friends is a function of the state 
characteristics which induce migration but is independent of either income or 
unemployment differences. 


Notice the relatives and friends multiplier does not specify whether it will 
be origin or destination income and unemployment that has a tendency to have a 
greater correlation with migration than the differences of these variables. Whether 
origin or destination income and unemployment will have the greater correlation 
with migration does not depend on which has the greater effect on migration, given 





23G ladys Palmer, ‘‘Interpreting Patterns of Labor Mobility’’, in Bakke and others, 
Labor Mobility and Economic Opportunity (Cambridge: The Technology Press, 
1954) p. 51. 

2 

24 S. Woytinsky, Three Aspects of Labor Dynamics (Washington: Social Science 
Research Council, 1942) p. 25. 
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a sufficient operation of income and employment differences on individual decisions 
to migrate. What is crucial instead is the direction of the state characteristic 
effect. If migration is a positive function of destination income there will be an 
increase in the correlation of destination income with migration, or if migration is 
a positive function of origin income there will be a decrease in the correlation of 
origin income with migration. In either case destination income will have a higher 
correlation with migration than original income. Opposite results are produced if 
migration is a negative function of income--either origin or destination,25 


That migration is in fact more closely related to destination income and 
unemployment than the origin variables implies a positive relationship between 
individual decisions to migrate and income levels and a negative relationship of 
these decisions to unemployment levels. There is considerable additional statis- 
tical evidence supporting these implications,26 


In explaining the behavior of the distance-migration relationship it made 
sense to treat relatives and friends as an ‘‘inferior’’ good. The same specification 
of the relationship between the utility of relatives and friends and income predicts 
our observed relationship between migration and income andunemployment levels. 
Individuals faced with low income and high unemployment in both origin and des- 
tination areas are loathe to migrate away from their relatives and friends who can 
be so useful under the circumstances. 


Since migration is predominantly an economic activity, we would expect 
income differences to play a significant role inan individual’s decision to migrate 
--in all probability a more important role than that performed by the inferiority 
of relatives and friends and any other forces which might possibly influence the 
relation between income levels and individual decisions to migrate. Yet our statis- 
tical analysis of the relationship of migration between state pairs to income and 
unemployment by states fails to show the dominance of income and unemployment 
differences in the determination of migration. Either our results are inconsistent 
with our expectations or there is some fundamental difference in the relationship 
of the migration decisions of individuals to their economic differences and the 
relationship for areas of our statistical analysis. 


Obviously the relatives and friends multiplier helps to explain the dis- 


crepancy between individual and geographic behavior. But there are alternative 
explanations as well. 


Even if labor market information were perfectly distributed so that all in- 
dividuals were aware of all job opportunities, the average income difference be- 
tween states need not equal the average income difference determining the decisions 





25 
Say log M,_-p=4 (log Yq - log Yp) + b log Yp 


Then log M,_.p =a log Ya - (a - b) log Yp 


As long as 0 < b < 2a_—s migration will have a higher correlation with des- 
tination income than with origin income. 


9 

26 cc0 for example, Bogue and Hagood, Subregional Migration in the United States 
Vol. II, Oxford, Ohio, Scripps Foundation, 1953, p. 97, p. 106 and Makower, 
Marshak and Robinson, op. cit., p. 111. 
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to migrate between those states. It is conceivable that the income differ- 
ence between two areas would be determined solely by a different occupational 
composition in each. That is, the wage level for any occupation could be the same 
in the two areas, but the area with more skilled and less unskilled labor would 
have a higher average income than the other. Getting the same wage rate in both 
areas, skilled labor has no incentive to move from one to the other. If the un- 
skilled were doomed to be eternally unskilled, they too could not improve their 
position by moving. Though one area had a higher average income than the other, 
there would be no reason to expect more migration one way or the other. 


The evidence, however, does not suggest that this force is very important on 
two counts. (1) Not enough of the income differences by states can be attributed to 
difference in occupational composition. Using 422 occupational groups, occupa- 
tional composition explains only 11% of the variance in state income.“‘ (2) Labor 
is not sufficiently immobile occupationally. Using 8 occupational groups, 56% of 
migrants were in a different occupational group after they migrated than before.” 
With less than perfect labor market information the probability of hearing about a 
job at any skill level in an area increases with the amount of the area’s labor 
force at that skill level. Since there is more upward occupational mobility than 
downward, one would therefore expect a greater movement fggm the low skilled 
areas to the highly skilled areas than in the reverse direction. 


The most damaging evidence against the occupational composition hypothesis 
is that it cannot explain the higher correlation of migration with destination unem- 
ployment than with unemployment differences. For 1940, highunemployment areas 
had a greater than average concentration of skilled workers. If we ignore agri- 
culture, the higher the skill level for individuals, the lower their unemployment 
rate. In consequence there was more variation regionto region in 1940 unemploy- 
ment when standardized for occupation (except for farmers and farm laborers) 


than in the average unemployment rate by regions (for the total labor force except 
farmers and farm laborers). 


The elimination of farmers and farm laborers makes this conclusion on the 
effects of standardization of doubtful applicability to our total migration data. But 
our correlation of migration with destination unemployment was larger than the 
correlation of migration with unemployment differences for migration from urban 
to urban areas as well as for the total migration data. The elimination of farmers 
and farm laborers makes our conclusions with respect to standardization roughly 
applicable to our data on urban migration. 





27 George Borts in National Bureau of Economic Research, Regional Income, Studies 


in Income and Wealth, vol. 21, Princeton University Press, Princeton, 1957, p. 189. 


28 uy calculations based on data from Gladys Palmer, Labor Mobility in Six 
Cities, and the 1940 census. 
29 However, there is a serious difficulty involved in occupational comparability 
between areas, for we expect the efficiency requirements for a skill level to vary 
by the skill composition of an area. If variations in skill composition by area were 
caused primarily by variations in demand, efficiency requirements for a given 
skill would decline with increases in skill composition. If, however, supply factors 
were more important--and the available evidence suggests that they are--effi- 
ciency requirements will be higher for the more highly skilled areas. 
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Something besides occupational composition is necessary to explain our 
correlation of migration with our unemployment variables. The multiplier has the 
important advantage over the occupational composition hypothesis that it can ex- 
plain the behavior of our migration data for both income and unemployment 
variables. 


Our feeling that individual decisions to migrate ought to be more influenced 
by income and unemployment differences than income and unemployment levels 
is largely intuitive. Though this provides a clue to the nature of the process, the 
reliability of this kind of evidence is highly suspect. All that we are permitted to 
say in support of the multiplier from our examination of the behavior of income 
and unemployment variables is that itis not obvious that this behavior is explicable 
by some other set of forces. 


9. NET MIGRATION 


Thus far our analysis has been made in terms of gross migration, However, 
the form of our gross migration variable has important implications for net 
migration analysis, The information hypothesis demands the use of the logarithm 
of gross migration, That the logarithm of gross migration is appropriate for 
statistical analysis suggests that the logarithm of the ratio of in-migration to 
out-migration is the appropriate variable for the analysis of net migration, 


For migration from urban places to urban places 1935-40, I compared the 
correlations of net migration with income and unemployment differences using al- 
ternatively the logarithm of migration ratios and the arithmetic form of the dif- 
ferences in migration rates. The correlation of migration ratios with the logarithm 
of income ratios was .103; the correlation of migration differences with income 
differences was .183. The correlation of migration ratios with unemployment 
differences was -.476; the comparable correlation for migration differences was 
-.211. The five percent level of significance was .273, so migration ratios produced 
the only significant correlation result. This experiment provides some support 
of the theoretical case for employing migration ratios as the net migration 
variable. 


But the analysis of the relationship of net migration to income and unemploy- 
ment differences is not an end-in-itself. The usual concern with this problem is to 
predict the effects of income and unemployment on population redistribution. The 
better measure of population redistribution is the difference in migration rates. 
However, the use of this measure obscures the nature of the process by which net 
migration is determined, an obfuscation that can sometimes prédduce unfortunate 
results, 


10. SUMMARY 


A clever detective could now deduce ‘‘whodone it’’ to migration. But plaudits 
would not be heaped upon him. Too obvious a culprit is ‘‘two-gun’’ relatives and 
friends shooting out information with one hand and blazing away with the warmth 
of human association with the other. 


That relatives and friends are important in determining migration is hardly 
startling. That the operation of relatives and friends provides a basis for under- 
standing the fundamental characteristics of migration patterns is somewhat more 
interesting news. 
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Relatives and friends provide a unifying principle for the variables deter- 
mining migration. The money income hypothesis determines which variables will 
affect migration, but the relatives and friends multiplier determines the relative 
importance of these variables. 


In short this paper has shown that systematic implications can be deduced 
from other behavior than money income maximization--and that these implications 
are consistent with the behavior of migration. 


However difficulties are encountered in differentiating between the two most 
obvious causes of the power of relatives andfriends; real income and information. 
There is some evidence that both operate. The occupational distribution of dis- 
tance elasticities is hard to explain solely by real income considerations. Real 
income seems completely irrelevant in explaining the role of new firms in at- 
tracting migration. Both of these phenomena are explicable by the information 
hypothesis. Similarly information has nothing to do with the greater relationship 
of migration to destination than to origin income. Relatives and friends as an in- 
ferior good provide this explanation. 


The question that this article leaves unresolved is the relative importance 
of information and real income in determining migration. I hope further research 
will provide the answer. 
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APPENDIX I 


THE INFORMATION ELASTICITY OF MIGRATION 


The behavior of the information elasticity of migration depends on the way 
in which increases in information about B are distributed to people in A. Con- 
sidering first the simple case where all information is of uniform quality+, two 
extreme situations may be distinguished. (1) The additional information may go 
to people who have no information about B — an increase in the breadth of infor- 
mation; or (2) all the additional information could go to people who already have 
information about B — an increase in information’s depth. In the first case we 
can expect the information elasticity of migration to be close to one, In the 
second case this elasticity could quite conceivably be close to zero. 


Assume that everybody requires information about a place before moving 
there, and that new information recipients in A have the same pj; as those who 
previously received information. (P ij is probability that the ith individual in A 
will move to B onthe basis of one piece of jth quality information, given the distri- 
bution of information in A about places other than B.) The increases in the breadth 
of information must necessarily result in a proportionate increase in migration. 
Compare the volume of migration when x percent of the labor force in A has one 
piece of Qj information about B to the volume of migration where 2x percent of 
the labor force has this amount of information. Given our assumptions, migration 
will double with this doubling of information, The first assumption seems roughly 
satisfied, since there is evidence that the vast majority of migrants require in- 
formation before moving.2 No overwhelming biases seem contained in the second 
assumption. Hence the information elasticity of migration ought to be close to 
one in this case. 


In contrast increases in the amount of information about B to those who 
already have information about B need not result in any increased migration to 
B. If the pjj for all individuals in A is either 0 or 1, no additional migration will 
occur with increases in the depth of information.? Under these circumstances 
all the migration that takes place requires only one piece of information about B. 


Job opportunities in a state — the unit of our analysis — are not so homo- 
geneous that the pjj’s will all be 0 or 1, However in the absence of evidence with 
respect to the pjj’s we have no grounds for asserting that the information elasticity 
of migration will be large in the case of an increase in information’s depth, 








1The kth and the jth kinds of information will be of uniform quality to the ith indi- 
vidual if pjj = Pjk» as defined in the text below. 


2Kerr in interviewing 400 migrants to Seattle found none who moved without in- 
formation. Clark Kerr, Migration to the Seattle Labor Market 1940-42, p. 157. 





3This statement assumes that no one migrates if he receives two pieces of Q; 
information neither of which by themselves would induce migration. In a worl 
of uncertainty this assumption is acceptable only as a rough approximation to 
behavior. 
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Clearly the information elasticity of migration will be less in this case than in the 
case of an increasing breadth of information. 


In our simple case of uniform quality information, the only way we can be 
sure of a substantial information elasticity of migration is to have most of an 
increase in information about B going to those who do not already have informa- 
tion about B. Information about B in A must be scarce before this condition will 
be satisfied. 


The simplest approximation to the expected frequency distribution of the 


-m,,,x 
labor force by the amount of Q; information held is the Poisson®: “—™~—, Assume 


x! 
that the information elasticity with respect to increases in information’s breadth 
is 1 and is no less than 0 with respect to increases in the depth of information. Then 
the information elasticity of migration will be at least .90 when mj (the mean 





4in the usual case information refers to small sub-units of B — e.g. particular 
jobs — with only a minute chance of repetitions with additional pieces of Q; in- 
formation. Define N pj as the volume of migration from A to B expected on the 
basis of N people holding 1 piece of Qj information about B. If migration on the 
basis of 0 information is 0, the volume of migration expected on the basis of N 
people holding 2 pieces of Qj information about B (selected independently) is 


2 
(1) Np, + NP; ( - . Pij - ») 


J 
where opi; = the variance in Pij taken over all individuals in A. 





Equation (1) is the consequence of the following considerations. The probability 
that the ith individual will move is one minus the probability that he will not move. 
Assume that each of n pieces of jth quality information about B that an individual 
possesses refers to sets of different job opportunities. Then an individual will not 
move only if none of his pieces of information tells him to move. If the pieces of 
information are selected independently of one another, the probability of his not 
moving is equal to 


qij” where qij = 1 ~- Pi; 

The probability of the ith individual moving with n pieces of jth quality informa- 
tion is therefore equal to 

le qij" 
When n equals two, this becomes 

2 Pij - Pij? 
Summing over N individuals with two pieces of information produces equation (1). 
5The Poisson is applicable to the distribution of information given the following 
assumptions: (1) any one member of the population has only an infinitesimal 
chance of hearing about a given piece of job information; (2) the probability of 


receiving a piece of information is independent of the number of pieces of infor- 
mation a person already has. 
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number of pieces of information about B in A over the appropriate time period)® 
is .25; the elasticity will be at least .58 when mj = 1; and only at least .08 when 
mj =4 

j . 


Consider now the behavior of an individual confronted with one piece of 
Q information about B and another piece of lower quality (Q2) information (i.e. 
Pj1>Pj2)- The probability of his moving to Bin this case (p) is at least the proba- 
bility of his moving to B on the basis of either one piece of Q; or Q2 information 
by itself. Hence p>pj,>pj2. If there is a considerable difference in the proba- 
bilities associated with Q] and Q2 information, the receipt of a piece of Qj infor- 
mation will’ have a significant effect on the probability of migration even though 
the individual already has a piece of Qg information. 





6Information will be about job conditions at a given time. If an individual migrates 
on the basis of a given piece of information he will do so in a relatively short time 
after he receives that information. Jerome found a one to five month lag in the 
response of international migration to the business cycle. The response was so 
violent (from + 40% of a seven year moving average in prosperity to - 40% in 
depression) that most migrants must be responding almostimmediately to changes 
in the character of information, (H. Jerome, Migration and the Business Cycle, 
p. 162, p. 241). The time period over which active information can be cumulated 
is then extremely short. But inactive information has important impacts on 
migration too. For example, assume an individual’s pj; (the probability of the ith 
individual moving from A to B on the basis of one piece of Q; information about 
B, given the distribution of his information about places outside of B) to be per- 
fectly stable over time and to be either 0 or 1. Say everybody in A had one piece 
of Qj information about B tenyears ago, Then increasing Qj information in B now 
would not increase migration from A to B because all the migration that could 
take place on the basis of Qj information took place ten years ago. 

Hence the appropriate time period t over which to measure the amount of 
Qj information depends primarily on the behavior of pjj over time. If an indi- 
vidual’s pjj is perfectly stable over time, his response to an additional piece of 
Qj information will be independent of the time he acquired his previous informa- 
tion, Under these circumstances the amount of Q; information about B which de- 
termines the information elasticity of migration would be all the Q; information 
individuals had heard throughout their working life. An approximation to m; would 
be the average amount of information about B acquired throughout one-half a 
working life. (However, the Poisson is not the best approximation to the distri- 
bution of information given information cumulation over time because people will 
differ in their time of exposure to information. Under these circumstances a 
better approximation than the Poisson would be a sum of Poissons — each fora 
differing length of exposure to job information.) 

If on the other hand Pij is quite unstable over an individual’s life time, his 
response to an additional piece of Qj information will not be significantly affected 
by the amount of very old information he possesses. Under these conditions the 
appropriate time period t will be considerably less than one-half a working life. 

There is some evidence that t is in fact short. Below we show that those 
who have more information ought to — and in two cases do — move greater dis- 
tances than those with less information. If there is a significant cumulation of 
information through time (the case of a stable pjj) we would expect older migrants 
to move greater distances than younger migrants. But for 1935-40 the reverse 
is the case, which suggests that t is short, i.e. only information of the recent 
past affects migrant responses to present information. 
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In the case of variable quality information a sufficient condition for a high 
information elasticity of migration is that information be scarce enough that in- 
crease in information of a given quality about B occur primarily to those who 
have no information about B or information of a much lower quality.’ 


There are a number of reasons for believing that information will be suf- 
ficiently scarce for the information elasticity of migration to be high. Classify 
information into two categories: specific and generalized.information. The former 
provides information about particular job opportunities: ‘‘There is an opening 
for a machinist at Republic Aviation.’’ The latter gives only a summary job 
picture: ‘‘Things look pretty good in California’’. 


Under perfectly competitive demand conditions in the local labor market 
employers have no incentive to distribute news of specific job openings either 
locally or at a distance. Since recruiting at a distance is more time consuming 
and usually more costly than doing so locally, the local labor market would have 
to deviate considerably from the competitive model to make such recruiting 
worth while.® 


Under competitive conditions employees rather than employers must bear 
the cost of formal recruiting. Hence the development of employment agencies. 





7On assumptions which minimize the importance of information we can formulate 
the relationship between information-impelled migration and information of 
variable quality. We assume that the probability that people in A will move to B 
on the basis of any information combination that involves one piece of Q, infor- 
mation is pj. The probability that people in A will move to B with one or more 
pieces of Qo information but with no Q information is pg. Then migration from 
A to B equals 


(2) N [y1Pi + (y2 -y1y2) P2] 


where yj = the proportion of the population with at least one piece of Qj informa- 
tion. 


The elasticity of migration that moves on the basis of Q; information with 
respect to changes in Q information is 


_sy' YoP 
(3) os (naa “+ hae 
Yj Y1P1 





dy 
where yj = ee mj = mean number of pieces of Q; information about B in A; and 
1 


_ dy; 1) 


€ pe x 


dl, Ny, 


8 In the most familiar case of recruiting ata distance — colleges hiring teachers — 
the obvious deviation from local competition is the small number of institutions 
employing similarly qualified teachers in the local area. 
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But for whatever reasons, the use of employment agencies for recruiting at a 
distance has not been widespread. Such an institutional arrangement would re- 
quire employment agencies to pay employers for job information to compensate 
employers for the longer time delay involved in long-distance recruiting. Evi- 
dently the potential return to information distribution is not sufficiently great to 
warrant this development. 


The only people who have an incentive to distribute specific information at 
a distance under competitive demand conditions are those who have relatives 
and friends in another area whom they would like to see have a particular job. 
In consequence the primary role of relatives and friends in the distribution of 
information is precisely what one would expect given substantially competitive 
demand conditions in the local labor market. If relatives and friends who distrib- 
ute information at a distance are scarce, specific job information at a distance 
will be scarce. 


Migrants can also move on the basis of general labor market information. 
Potentially people are surrounded by a sea of low-quality information. Newspaper 
stories, popular conceptions of a place, the movies, all provide some information 
about the character of job opportunities at a distance. However, the very general 
character of this information produces considerable risk in migrating on this 
information alone. The prospective income gain would have to be sufficient to 
compensate for uncertainty, before low quality information could generate 
migration. 


The evidence suggests that general information has produced no more than 
half the total migration within the U.S. In 1945-46 the ratio between those who 
migrated to take a job and those who migrated to look for work was 3:1.9 Taking 
a job requires specific information; one may move to look for work either with 
or without specific job leads. For 1945-46 the three-to-one ratio must understate 
the relative importance of specific to general labor market information. 


The character of the labor market information to which people respond will 
also have a decisive impact on the skill distribution of migrants. The general- 
information migrant should on the average be much less skilled than the popula- 
tion as a whole. The more highly skilled a migrant, the more he stands to lose 
by moving to an area which does not require his occupational specialty. Job 
rumors shouting that an area is booming are not enough for the highly skilled. 
These rumors must also whisper that the man’s particular skill is required in 
the boom town. General information rarely provides such details. In consequence 
it will rarely induce the migration of the highly skilled. Specific information will 
tend to produce the opposite effect, for more formal recruiting is done among the 
highly skilled. 


In the United States in 1935-40 there does not appear to be any overwhelm- 
ing relationship between skill level and migratory propensity. The U.S. data 
Suggest some migration in response to general information, but not enough to 
dominate the migration statistics, 





9U.S. Bureau of the Census, Current Population Reports,Series P-20, No. 4, p. 9. 
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What happens to the skill distribution of migrants when general information 
becomes more important is suggested by immigration to California, where the 
‘“Go West, Young Man’’ theme still seems to play a significant role.1° 


If we call specific information Q, information and general information Qo 
information, 1 (in equation 3) will be high if specific information is sufficiently 
scarce, for from the above discussion YoPo is at most equal to Y,P,- 


TABLE 2 


MIGRANT STATUS OF EMPLOYED MALES BY MAJOR OCCUPATION 
GROUPS FOR THE U.S. AND CALIFORNIA 1940 








Occupation Percent Migrants | 
US. California 
Professionals 25.4 30.8 
Farmers 8.2 > FY 
Proprietors 15.4 23.0 
Clerical and Sales 15.8 26.5 
Skilled 13.4 26.7 
Semi-skilled 12.6 28.2 
Domestic Service Workers 17.4 29.6 
Other Service Workers 17.9 34.6 
Farm Laborers 16.0 33.2 
Laborers except Farm 12.0 25.2 




















10There are obviously alternative hypothesis. The greater ratio of unskilled to 
skilled income in California provides greater inducement for the unskilled to 
move there, but our low income correlations with migration suggest that this 
isn’t a very significant explanation. The peculiarities of the ‘‘Okie’’ migration 
stream (not inconsistent with the General Information hypothesis) might also be 
the story, but this same skill distribution of migration relative to the rest of the 
country is evidenced for California in 1950 when little dust was blowing. 
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APPENDIX II 
MIGRATORY PROPENSITIES, DISTANCE AND INFORMATION 


Increases in information increase the standard deviation of the logarithm of 
migratory propensities (the average probability of moving from B to A on the basis 
of one piece of jth quality information about B given the distribution in A of infor- 
mation originating outside of B--the p;’s of Appendix I). Suppose, for example, B 
to have the best job opportunities for people in A in the United States. Then the 
p; controlling migration from A to B should be higher than that between A and any 
other state. Similarly the p; should suffer the smallest decline with increases in 
job information originating elsewhere, because jobs in Bcan best stand the compe- 
tition of jobs outside of B. Similarly if B had poor job opportunities for people in 
A, the news of job opportunities elsewhere ought to produce a large relative decline 
in the Pj controlling migration from A to B. 


The increase in Clog P; with greater information must involve an increase in 


the elasticity of migration propensities with respect to some variables. But it is 
not at all clear that distance will be one of these variables. 


There will be variation in people’s ranking of various job situations by real 
income, e.g. the presence of a relative will be important to some, less important 
to others. Consider jobs that on the average in people’s ranking have the same 
real income level. Then a job opportunity will compete most intensely for the 
migrants’ favors with job opportunities that are most similar to itself. Hence of 
all the jobs at the same real income level, the job close to A will compete most 
with jobs that are also close to A. And it is precisely the jobs close to A that an 
individual in A is most likely to hear about, since we expect a strong negative 
relationship between information and distance. ! 


Two forces are at work then in affecting the relationship of migratory pro- 
pensities to distance with greater information. In so far as distance lowers the 
average real income, with more job opportunities people will tend to choose the 
job opportunities closest to home. But at the same time the fact that previous 
information has by and large been information close to home means that the indi- 
vidual will be less likely to migrate inresponse to another bit of information from 
close to home. 


How then will the distance elasticity of migratory propensities respond to 
increases in the amount of information? We have direct evidence only with respect 
to one case. One expects people in urban areas to know about more jobs in the 
same county than people in rural non-farm areas, since there are more jobs in the 
same county in the former case. The comparative distance elasticity of migration 
originating in urban and rural non-farm areas gives us some notion of the effect 
of greater information close to home on the distance elasticity of migratory 
propensities. Of the migrants from rural non-farm areas, 13% migrated between 
non-contiguous states during the 1935-40 period; 25% of the migrants from urban 
areas in 1935-40 were in the same long-distance category. This experiment sug- 





lor one thing distance has a cross-correlation of 1, 
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gests that the jobs close at handcompete much more intensely with short-distance 
jobs than long-distance jobs in spite of the higher real income of the former. 


The greater information that urban migrants have ascompared to rural non- 
farm migrants is focused much closer to home than information at a distance. In 
consequence the results of this experiment are only suggestive. But these results 
strongly suggest that the distance elasticity of migratory propensities does not 
increase with increases in information. 
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APPENDIX III 
MEASURES OF INDUSTRIAL SIMILARITY 


Data is unavailable to calculate our ‘‘ideal’’ measure of industrial similarity 
in text equation (6.3) 


Lai bj 


M 


. # 
Rav j La Lp 


We can, however, distinguish between three migration rates for industry j: (1) 
migration rates for migrants staying in industry j (a;); (2) migration rates for 
migrants who move into industry j (d;); (3) migration rates for migrants who move 
out of industry j (cj). We therefore ignore the possible existence of neighboring 
industrial groups, i.e. industrial groups between which there is heavier migration 
than can be explained by the average interindustry migration rates of the industries 
involved. Instead we assume that the rate at which migrants move from industry 
i to industry jis the average ofcj and d;. This migration from area A and industry 
j to Area B and industry j becomes 


The total intra-industry component of migration will be 


Za.L,, Ly, 
ee oe! ie 


Migration from area A and industry j to area B and all other industries but j is 
given by 


) 


c; La; (Lp Lp; 


Migration from area A and all industries but j to area B and industry j will be 
q, (La ~L, )) LB; 
The number of migrants moving from A to B who changed industries is equal to 


zc, L,, (LL, -L,, 
j j “aj a ~bp)) 


But this is also given by 
, 4. Gi, <i, ) be 
scm (ha ~Paj) Bj 
These two methods for computing the inter-industry component of migration will 
not produce the same result, since they involve two quite different assumptions. 
In the first case we assumed cj to be independent of the industry to which the 
migrants from the jth industry moved. In the second, we assumed d; to be inde- 
pendent of the industry from which migrants to the jth industry moved. Both are 


grossly simplifying assumptions and neither is particularly preferable to the other. 
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We work with the average of both. We take for our measure of the inter-industry 
component of migration 


1 > . os + o 


Total migration from A to Bisthe sum of the intra-industry and the inter-industry 
components of migration. Or 1 
© L Li- + d, L., (L, = , 
vy Ela Ly, Ly, + Ch ay Bhp’ * Sy Oy am "ay? 
“A~B = 7A “BY j Aj Bj 2 


< 





The left-hand expression in this equation is migrationfrom A to B; but the depen- 
dent variable in our correlation analysis is migration rates, not migration. This 
can be remedied by dividing both sides of equation (1) by population in A (Py ) 











times population in B (P,)» *. 
a re ae = ee a ee é. 2. th, * 3x. 
M, -p j a Aj Bj 2 2 [¢ Aj ( B Bj) , 43) ( A ap | 
i 
as L, lp 
Let Qaj equal the percentage of A’s labor force in the jth industry, and call 
C.. d 
a; - i: })- g, the industrial inertia in migration for the jth industry. Then 
J 
M 
‘ A-- B Cc. .* ¢€, 
Q) = egg, Q, et A 
P, P, j oj “Aj “Bj 2 


We have developed three measures of industrial similarity which differ in the 
way in which they treat the parameters of equation (2). The first measure of indus- 
trial similarity ignores inter-industry migration and considers gj/Pj a constant, 
where pj is the percent of the U.S. employed in the jth industrial category,2, i.e. 
the first measure of industrial similarity equals 


Qa; 2B; 


j P. 
j 





1 , PF . , 

Where za = ratio of population to labor force in A times a constant. (On the 
assumption that the ratio of labor force to non-labor force migration to and from 
a state is proportional to the ratioof the labor force to non-labor force for a state.) 


2The reason for assuming g; /pj constant, rather than gj, is that the industrial 
groups employed are not equal subdivisions of the labor force of the United States. 
Under this condition we have to assume gj/Pj constant to assume the migration 

rate within equally large sub-groups of different industrial groups to be equal. 
For the first measure of industrial similarity we used eighteen industrial groups: 
mining; construction; food and kindred products, plus tobacco manufacturing; tex- 
tile mill products plus apparel; lumber plus paper and allied products; chemicals 
plus petroleum plus rubber products; iron and steel plus non-ferrous metals; 
machinery plus transportation equipment; transportation, communication and other 
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The second measure of industrial similarity also ignores c, and d., but it treats 
gj asa variable. Hence the second measure equals J ) 


Z g. : 
* 8; aj Op; 


An attempt is made in the second measure to estimate the importance of various 
industrial groups. The third measure of industrial similarity utilizes estimated 
values for all three parameters. It equals 


Cc, , d. ° 
j %ay* 45 Sp; 





‘ 
2 g. Q,. Q,. + 
>, INS > 





2(cont) 

public utilities; wholesale and retail trade, finance, insurance, real estate, business 
repair services plus professional services; personal services plus amusement, 
recreation and related services; public administration; dairy and poultry farming; 
livestock, cotton and tobacco farming; vegetables and fruit; grains and hay. For 
the second and third measures of industrial similarity we used 16 industrial groups; 
mining; construction; manufacturing; transportation; trade; finance; business 
services; personal services; entertainment; professional services; public admin- 
istration; dairy and poultry farming; livestock; cotton and tobacco farming; vege- 
tables and fruit; grains and hay. 
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EDITORIAL COMMENT: ‘MIGRATION, REAL INCOME AND INFORMATION’ 


It is interesting to note that the preceding study by Dr. Nelson was evidently 
pursued independently of gravity formulations of migration hypotheses and gravity 
model formulae for the summarization and interpretation of migration data. Yet 
his findings are very much in keeping with the results reported by investigators 
employing gravity concepts and hypotheses. 


Basically the gravity model would postulate migration as being directly 
proportional to some multiple of the product of the populations of the origin and 
destination areas, and inversely proportional to some power of the distance be- 
tween them. Thus we have 


b-P,.-P 


>. 
w 


(1) M 
: a 


o 


a - = population of 
as the 1 m 


, P, = population of B, D= distance from A to B, 
igration from to BP 


age a and b are constants. 


, ; , M5 as his basic measure of migration 
Nelson uses the migration rate { —— — 


Py P, 


and shows a significant negative simple correlation of -0.568 between the log of 
this rate and the log of distance. 


Symbolically, Nelson’s relation may be written 
M 
(2) log A~B | =log b-a log D 


> Pp 
Pa’ Pa 


which upon removal of logs gives 





M 
(3) A~B\ b 
; a 
Py’Pp/ D 
so that 
b (P ) 
(4) M, es PB 
p? 


which is the gravity model formula. 


The extension to the multiple correlation case is easily seen as modifying the 
b coefficient. Thus 


(5) log A-B F log b+ c log I, -alogD 
Py’? 


where Is is the first measure of industrial similarity, and a, b, and c are constants, 
is upon removal of logs 
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A NOTE ON INTER-AREAL Editorial Comment: The rapid growth 





LINEAR PROGRAMMING of interest in interregional linear pro- 
FOR A METROPOLITAN gramming among non-technicians has led 
REGION! to the need for aconcise, suggestive state- 


ment of the basic elements of this rela- 
tively new technique, The editors feel 
that this simplified note will aid in provid- 
ing such a statement, This note is a re- 
Benjamin H, Stevens vised version of a section of a paper, 
and Robert E, Coughlin* ‘*Regional Science Techniques for Plan- 
ning in the Future,’’ which was delivered 
at a joint session of the Regional Science 
Association and the American Institute 
of Planners in Chicago, October 1957, 


1, INTRODUCTION 


Existing interregional linear programming models are, unfortunately, of 
little use to city planners. Comprehensive and mathematically elegant as these 
models may be, they do not come to grips with the basic problems which the met- 
ropolitan planner faces; and even if it can be rightfully claimed that the planner’s 
problem is somehow imbedded in the more general models, the existing formula- 
tions are too complicated for the majority of planners who have little training in 
mathematical economics.2 


For these reasons, we propose to present a simplified formulation of inter- 
regional linear programming with two ends in mind: (1) the elucidation of the 
linear programming approach for those with minimum technical training; and (2) 
the exemplification of a more realistic metropolitan planning problem than has 
hitherto been presented in linear programming form, To do this we will focus our 
attention on two elements of major interest tothe planner: land and transportation, 





*The authors are respectively, Assistant Professor of Regional Science at the 
Wharton School, University of Pennsylvania and Chief, Long-Range Planning 
Section, Philadelphia City Planning Commission, 


lThe authors wish to acknowledge that their work was supported, in part, by a grant 
from Resources for the Future, Inc. 


2For examples, see W. Isard, ‘‘Interregional Linear Programming: An Elementary 
Presentation and a General Model,’’ and B. Stevens, ‘‘An Interregional Linear 
Programming Model,’’ this Journal, Vol. 1, No. 1. Further references can be 
found in both papers, 
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Suppose a metropolitan planner is faced with the problem of planning for 
1975, Two of the major elements for which he would like to make projections are 
industrial land use and commodity transportation within his metropolitan region, 
He knows that these two elements are closely interrelated and that he can in- 
fluence the pattern of one by altering the pattern of the other, On the one hand, 
he has control over land use through the land use plan, On the other hand, the 
planner may indirectly influence industrial location through his control over 
metropolitan transportation facilities, In either case, he will wish to project the 
industrial location pattern for a given land use and transportation plan, Once he 
has determined this pattern, he may then wishto alter it by making changes in the 
land use plan, in the transportation plan, or both, 


In addition to other possible welfare goals, the planner desires the achieve- 
ment of economic efficiency in the location pattern of all activities, Ceteris 
paribus, economic efficiency in the location pattern of industry is achieved by the 
minimization of transport utilization in commodity shipments, It is interesting to 
note that a purely competitive economic system will, if unrestricted, result in 
just such an efficient pattern, It is probably unnecessary to point out, however, 
that the economic system in general, andthe market for land in particular, diverge 
widely from the assumptions of pure competition, Furthermore, pure economic 
efficiency itself may be a planning goal subsidiary to other welfare goals. For 
both these reasons, then, planning is essential, 


We will assume, however, that the planner’s estimate of the community’s 
welfare goal is expressed in his preliminary general land use plan, Then economic 
efficiency for the industrial land use pattern withinthis plan can be actively sought 
as a single goal. And, if economic efficiency means the minimization of utilization 


of transportation, the linear programming approach provides a means toward this 
goal,4 


We will assume that the metropolitan region can be broken up into a small 
number of sub-metropolitan areas for which the planner knows present land use 
and for which he can project consumer demands,” Transport flows between his 





3 Obviously there are other elements of the plan for which the planner would like 
to make projections, We limit ourselves to the two mentioned because of con- 
siderations of simplicity and because of the particular suitability of linear pro- 
gramming for the solution of industrial location andcommodity flow problems, By 
the same token, the transportation of persons is ignored; projections of auto- 
mobile traffic require the use of probability models and are not, therefore, sus- 
ceptible to the usual programming analysis. 


4For a further discussion of economic efficiency as a planning criterion, see 
Stevens, op, cit. 


“Consumer demand projections would be based on population and income pro- 
jections for each area, The obvious interrelationships between consumer location 
and income on the one hand and industrial location and employment on the other 
must be ignored here, 
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metropolitan region and other regions will be outside the local planner’s frame of 
reference; however, he is assumed to know the approximate 1975 levels of imports 
to and exports from his region,®© 


The minimization of inter-areal transportation of commodities could, of 
course, be achieved by allowing all industry to concentrate in a single area, This 
solution is excluded from consideration, however, because existing industrial 
capacity is assumed relatively fixed and because there are competing land uses 
in some or all areas. Thus, we must assume that basically the planner is dealing 
only with the location pattern of new capacities and that he will have to plan so as 
to take account of both existing competitive uses and the suitability of individual 
vacant land parcels for industrial use.‘ 


2, INTER-AREAL MODEL 


The problem, then, is to minimize commodity transport utilization subject 
to the restrictions outlined above, These restrictions must be put in the form of 
mathematical constraints, The constraints are of four types: (A) land constraints; 
(B) consumption constraints; (C) quota constraints; (D) output constraints. The 
solution will then be in terms of two types of variables: ‘‘X’s’’ which will be the 
levels of outputs of industries in each area and ‘‘S’s’’ which will be the levels of 
shipments between areas, 


A. Land Constraints express the restriction that the amount of industrial 
land used up by industrial plant in an area cannot exceed the amount of land 
available for industrial purpose, If we define: 





a as the (fixed) number of units of land (t) 
t"k needed per unit output of commodity k and 
xl as the number of units of output of industry k 

k (which produces commodity k) in area L;® then 





6Perhaps he could obtain these figures from a master interregional linear pro- 
gram or input-output scheme for the nation as a whole, More likely he would base 
his projections on basic-nonbasic ratios and other elements of economic base 
analysis. 


7This assumes that comprehensive land use and land quality information is avail- 
able. It further assumes that the areal population and demand projections can be 
transformed into projections of the demand for residential, commercial, and other 
land uses in each area, Detailed location patterns for such uses would, of course, 
be strongly influenced by the land use plan, 


8**Industry’? here is assumed to include both producing industry (which combines 
various inputs in fixed ratios in order to produce a given output) and warehousing 


(which uses land and other inputs but generally has a 1:1 input-output ratio for the 
good warehousedq). 
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X 


re 


must be the number of units of land used in the 
total production k in L and 


Za 4 must be the total number of units of land used 
k in all production in L. Finally, if we define 


R t as the given number of units of industrial land 
available in area L,9 then 


z ta Xr s Ry expresses our land constraint in concise mathematical 
k form. There will be a land constraint of this type for each 
sub- metropolitan area.10 


B. Consumption Constraints express the requirement that the amount of a 
commodity produced in an area plus the net imports of the commodity into the 
area less the industrial requirements for the commodity must be at least equal to 
the projected consumer demand for the commodity in the area.l1 We can begin 
most simply by defining: 





i, 4s the fixed number of units of commodity i 
(as input) needed per unit output of commodity k, 
Then, with our definition of the variable X} from 
A above, 


ik Xy must be the number of units of commodity i used 
in the total production k in L and 





INote that each ~ above is atotal output. That is, the increase in output of kinL 
between the present and 1975 will be the difference between the xy found in the 


solution to the problem and the present output. For this reason, RL must be land 


presently in industrial use plus whatever other land the planner has allotted for in- 
dustry by 1975. 


10similar constraints on the other scarce resources could also be incorporated 
in the model. For example, a constraint on water available for industrial use 
might be especially relevant in some metropolitan regions. In a more general 
model, the planner would incorporate all of those resource restrictions which 
might, realistically, have major effects on industrial location within the metro- 
politan region, (In a precise mathematical formulation the land constraint would 
have both sides multiplied by -1 in order to change the sense of the inequality), 


1lfin other words, requisite quantities of a good must either be available from 


producers (and/or warehouses) in an area or must be shipped in from another 
area or the ‘‘outside world.’’ 
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>» ix - must be the total number of units of i used in all 


k production (and warehousing) in L. Now if 
Di is the projected consumer demand fori in L in 1975 and 
vy is the production of i in L and 
I 


I. is the net imports of i into L, then, since the 
amount of a commodity available in an area 
must at least balance the amount needed, then 


ms ra 2 4X4, 2 pb expresses our typical commodity constraint. 
.* ' There will be a constraint of this type for each 
commodity in each area of the metropolitan region, 
It is important to say a few words about net imports, ~ This is the sum of ship- 
ments of i into L minus shipments of i out of L. If we define: 
7 as the number of units of i shipped from area J 
to area L, and, symmetrically 
LM ; Sea 
S; as the number of units of i shipped from L to M, 
then 
JoL , ie 
» > S; must be the total number of units of i shipped into 
J L and 
LM P oO 
z i must be the total number of units of i shipped from 
M L to all other areas. Therefore, 
ss’ -s “ar = 7 is the mathematical expression for net imports, 
J . M There will be a similar expression for each 


commodity in each area,12 


C. Quota Constraints express the requirement that the total imports from and 
exports to other regions from our metropolitan region as a whole must meet the 








9 
12 Note that we have specified neither the number of areas we sum over here nor 


the number of commodities summed over in the constraints above, For example, 
> a . . . . 
when we say 7 we mean a summation over all areas of which J is atypical one. 
. ~ P ‘ P - > 
Since all areas other than L itself may ship to or receive L, ¥ and “ are both 
summations over the same number of areas: i.e, all areas other than L, 
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quotas set for such trade as mentioned above. Since we are concerned here only 
with intraregional (inter-areal) transportation, we may establisha dummy area, W, 
in our region which, in effect, supplies imports from the outside world to other 
local areas and accepts exports for the outside world from other local areas. Ship- 
ments from and to this dummy ‘‘outside world’’ can be defined in the same way 
as shipments between any two areas. We define: 
WoL ‘ , 
S. as the number of units of i shipped from dummy area 
W (all outside regions) to area L, and 


S,. as the number of units of i shipped from area J to 
dummy area W. Then 





. WoL } 
2 Ss; must be the total imports of i from W to all areas 
L inside our metropolitan region and 
s JoW , 
~ S$, must be the total exports of i to W from all areas 
c ao . = 2 
J inside our region. If we further define 
W 


Q; as the projected imports of i from outside regions 
to our region and 


W as the projected exports of i from our metropolitan 


Q i regions to all outside regions, then 
z ™ sl = “o and 
i 
L 
JW W ; , . 
zs -: Q5 express typical quota constraints. There will be a 
J pair of constraints of this type for every commodity,14 


D. Output Constraints express the requirement that the output of each 
commodity in each area in 1975 must be at least as great as the present output 
or some other specified minimum output. The purpose of such constraints is to 
recognize the tremendous ‘‘social overhead capital’’ and private investment in- 
volved in the present pattern of production, Recall that we are seeking an efficient 
pattern of new production but not an efficient pattern for all production as we might 
if relocation were costless. We can expect that competition will tend to force an 
efficient pattern of new or expanded productive capacity; however, it will not 











131 was not stated explicitly that import and export quotas should be fulfilled, 


This is a necessary requirement, however, since the allowance of unrestricted 
imports would permit the reduction of local transportation via the reduction of 
local production, Since transportation on shipments to and from the ‘‘outside 
world’’ will not be counted as part of total local transportation, imported goods 
would replace locally-produced goods in the absence of this restriction, In terms 
of the model, this would give a meaningless solution; in terms of the real world, 
it would be economically disastrous to our metropolitan region, By the same 
argument, the region as-a whole must supply the projected exports. Without this 
requirement, local production, and indirectly local transportation, would be cur- 
tailed to far below realistic levels. 


ltThese constraints carry the “‘equals’’ sign because, by the argument above, 
quotas must be exactly fulfilled. 
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ordinarily cause the abandonment of existing plants unless they have otherwise 
outlived their usefulness. Now, if we define 


oY as the present production of k in L, 16 we may 


use this, together with our previously-defined 


L 
Xi to form 
L L : ‘ , 
Xi. > O. which expresses a typical output constraint. 


There will be a constraint of this type for 
each commodity in each area, 


E. The object of our model, as stated above, is to minimize the utilization 
of transportation in the inter-areal shipment of commodities. We already have 
variables expressing levels of shipment: the ‘‘S’s’’. Now we need only define 
JL 


T 


; as the ton-miles of transportation required to ship a 


unit of i from J to L.16 Then 
Jol Jeb 


S. T 


i i must be the number of ton-miles of transportation re- 


quired to ship all units of i from J to L, and 

JoL JL , 

Si T; must be the number of ton-miles needed to make all 
i shipments of all commodities from J to L. Then 

Jol Iqh 

i i 


-™M 


is the number of ton-miles needed to make all ship- 
ments of all commodities from J to all other regions 

and _ 
Bake Gale « , 
i ; is the total number of ton-miles of transportation re- 
, & 4 quired to make all shipments of all commodities from 
all areas to all other areas. If we define the latter 

J#L expression as C, then 





" 
For a particular industry known to be declining in a certain area, the corre- 


sponding ‘‘O’’ may be set at a lower level. For example, if the planner knew 
that the textile industry in the Philadelphia Metropolitan region would probably 
continue to decline no matter what the local land and transport situation, realistic- 
ally he would not try to restrict this industry to present output levels. 

16We assume that the amount of transportation required to make a unit shipment 
of a good between any two areas can be determined from : (1) the weight of a unit 
of the good, (2) the distance between geographic centers of areas via routes which 
exist or are provided for in the transportation plan, and (3) the standard ‘‘truck- 
load’’ quantity for the good in question, Note that we assume that all inter-areal 
transportation is by truck over shortest available routes, Adjustments would have 
to be made where it was known that congestion over certain routes would raise 
transport ‘‘cost’’ significantly or where the geographical center of an area did not 
coincide fairly well with the center of population or of industrial development in that 
area. Finally, it is assumed that intra-areal transportation is costless; thus 


Lar 26, 
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JL JL 


c=2 2 2 8S; Tj is the expression to be minimized subject to con- 
en a straints A through D above. 17 
J#AL 


3. RESULTS AND CONCLUSIONS 


The computational techniques required to minimize C subject to the given 
constraints need not concern us here, 18 Whatis important is that the planner can 
find in the solution, not only the minimum level of transportation, but also the 
levels of all shipments and productions. Furthermore, he will discover that avail- 
able industrial land in one or more areas may be used up to capacity; that is, the 
sum of land utilizations for production and warehousing in one or more areas will 
exactly equal the corresponding ‘‘R’s’’ which express the land availability. Where 
this occurs, there will be astrong suspicion that transport utilization levels could 
be reduced still further if more industrial land were made available in these areas 
The fact that the program decides to use all the land in an area in a minimum 
transport solution indicates that the location of this area is a particularly advan- 
tageous one; in a sense it could be termed a ‘‘central’’ location from the point of 
view of the industrial location pattern as a whole. 


On the basis of this result, the planner might wish to change his land use 
plan'to accommodate more industrial capacity at this ‘‘central’’ location, He would 
replan on this basis if his estimate of the social costs (possible blight, traffic 
hazards, demolition where necessary, etc.) were at least balanced by savings to 
the community in increased transport efficiency. In making his decision, he would 
change the levels of the ‘‘R’s’’ and recompute the program to gauge the reduction 
in transportation which such reallocation of land uses would permit. 


On the other-hand, the planner might wish to change his transportation plan 
in order to improve the access to ‘‘non-central’’ areas, thereby inducing develop- 
ment in these (underdeveloped) areas and reducing the pressure on the ‘‘central’’ 
areas, Such changes in the transportation plan would show up in the program as 
changes in the ‘‘T’s’’. The program would then be reworked to determine the ef- 
ficient pattern under these altered conditions. 


But even without such readjustments, he would be able to plan for the facil- 
ities necessary to serve the new industrial and warehouse capacities in each area 
under the given plan. In particular, he would have figures on inter-areal commodity 
movements and, hence, an estimate of inter-areal truck traffic to help him plan 
his highway network, Furthermore, production levels would provide him with 
estimates of employment which, in turn, could be used to make projections of 
work-trip automobile traffic, The combination of the commodity flow pattern and 





lM Notice that the dummy area, W, is not included in these summations, Since W 


represents the outside world and since we are ignoring inter-regional transpor- 
tation, ton-miles of transportation to and from W are not counted in our total. 
18} i scussions of computation procedures can befoundinthe references mentioned 
in footnote 2, The same references include discussions of the ‘‘dual’’ problem 
which we exclude here for reasons of simplicity. 
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the work-trip pattern might, of course, prove the assumed transportation system 
unworkable, Such is a common result of planning analysis and emphasizes the need 
for successive iteration in analytical procedures, 


Thus, it should not be assumed from the foregoing analysis that the inter- 
areal linear program can provide the planner directly with all the answers he 
needs, We have purposely limited the model for expositional purposes, but the 
linear programming technique is further limited by the types of assumptions which 
must be made, 19 Such models must be used with discretion, in combination with 
other techniques, and with strong applications of good common sense, 


Furthermore, we do not pretend that this model, even within its limitations, 
is ready for immediate application by planning analysts, Not only is this model 
intended merely to be a suggestion and an elucidation of a technique, but further- 
more, any analytic model must be tailored tofit individual circumstances, 





19 or example, the necessary assumptions of fixed consumer demands and con- 
stant production coefficients (no allowance for economies of scale) are weaknesses 
of the linear programming technique, For further discussion see Stevens, op. cit. 
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